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ABSTRACT

- This report presents four geotechni 1 engineering ‘@
programs for use on personal computing stems. An Apple
II-Plus operating with DOS 3.3 Applesof language was used.

The programs include the solution of the signpost problem, L

Qj the cantilevered sheet pile problem, the slope stability
- problem, and the flexible pavement design program. tf
i! o

Each chapter is independent and does not rely upon
theories or data presented in other chapters. A chapter
outlines the theory used and also presents a users guide,
_. a program list, and verification of the program by hand d
calculation.

This report assimilates the product a practicing engi-

!! neer would expect to receive when procuring software services. R
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CHAPTER I
INTRODUCTION

Micro-computers are rapidly becoming the work-horse
of the small business and engineering world. All types
of businesses are finding the micro-computer an invaluable
tool. Uses range from cost accountirng to word processing
to an engineering calculating machine. The key advantages
of personal computers over previous methods are its easy
DN access, speed, reliability, and accuracv.
'l Engineering firms whose availability to main frame

computing facilities have been limited by economics or demo-

% graphics can now acquire personal computers and software
for a fraction of the capi' il outlay. Software can be
designed to fit the precise needs of the firm whereas firms
used to cater their needs around an established software
base. This is especially advantageous to specialized firms
whose services demand repetitive engineering problems.
Rather than expending labor on iterative problem solving,
‘i a personal computer matched with properly designed software

can now provide engineering solutions at a fraction of

the cost.

..........
......
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The introduction of the personal computer into the

engineering firm provides a domino effect. The time which
was once expended on iterative problem solving can now
be devoted to more productive activity such as consideration
of more complex problems and bidding strategy. Accordingly,
the small engineering firm can now bid more jobs, accomplish
more work and subsequently, increase the firm's net worth.
It is becoming commonplace for short and long-range business
plans to include the purchase and use of personal computers.
The personal computer is a godsend to the geotechnical
engineer. Due to the nature of soil, the engineer is con-
stantly dealing with lower and upper bounds of possible
problem solutions. Unlike concrete and steel, soil has
variable engineering properties and cannot be relied upon
to perform in a consistent manner; consequently, the engineer
must consider several possible combinations of soil behavior
in order to provide a safe design. Once the soil charac-
teristics have been normalized, the engineer uses mechanics
of particulate matter to best approximate the response
and behavior of soil acted upon by external forces and
natural phenomena such as flow of water through the medium
under a hydrostatic head.
At this point, the personal computer comes into play.

The computer will calculate quantities and values according

to a predetermined sequence. If the same imput variables




are used, the computer will calculate identical values

and quantities. The engineer then varies the input variables
according to his evaluation of the possible conditions
that may exist for a particular problem. The output will
then represent a range of expected behavior of which the
engineer will use for his design. Problems such as cal-
culating the required penetration of a cantilevered wall
can take up to four hours to calculate. This time represents
several calculation iterations with one particular set
of soil data. If no math errors were made, one possible
bounding answer would be established. The same procedures
would be repeated to establish another bound. Two trial
boundary conditions have been established, but what if
intermediate values are not linearly related to the boundary
values? The prudent engineer would make intermediate value
calculations. The time involved can be enormous. The
personal computer can calculate iterative problems in a
fraction of the time required to hand calculate the problems
and without the math errors associated with hand calculations.
The scope of this special report is to program several
iterative problems of interest to geotechnical engineers.
The programs includes the calculation of the required depth
of a vertical post subjected to lateral loads (SIGNPOST 1),

the required penetration of a cantilevered wall (CANTWALL 1),

and the design of flexible pavement (AASHTO 1). Additionally,
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a slope stability program was translated and modified by
the author (BISHOP 1).

No report of this nature would be complete without
a warning about the ignorant use of computing software.
Two major problems, separate or combined, can render the
software and subsequent solutions totally useless. The
user must understand the problem that the software is pre-
sumed to solve. In general, there are several methods
or algorhythms that can be used to solve engineering problems,
but each method is best suited for a particular variation;
furthermore, the solutions can significantly vary from
one method to another. This is particularly evident with
dynamic pile driving formulas. The user must understand
the use and limitations of the program software. Although
the user may understand the problem and its methods of
solution, an erronecus entry or a program option inadvertently
exercised can invalidate the computed solution. The solution
should be scrutinized against past experience and sound
engineering judgment. As a final check, a hand calculation
of the final solution should be made. If the user allows
the computer to perform the iterations and hand checks
the final iteration, the user can be assured as to the
validity of the computed solution.

It is the author's intent to convey a concise description

of the software's use and limitations. It would behoove the




user to become completely familiar with the text prior

o to basing an engineering design on the calculated solutions.
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CHAPTER II

SIGNPOST PROBLEM

2.1 Problem Definition

The computer program "SIGNPOST 1" calculates the minimum
safe embedment of a cantilevered pole subjected to lateral
overturning loads. Figure 2.1 defines the input variables
and general geometry of the problem. Plastic theory is
utilized, thus considerable deflections are anticipated.

All loads are laterally applied to the pole; overturning

moments are resisted by passive earth pressure.

Sign Unit
Arga Force™
i |
Force
! Sign Height
Force Height
|
- b A ¥
4 \\\/// PN T N\\/
-4 GWT Tepth
L q. - h 4
| Q =
FDiDepth Q Yyt Ygr Cr 0
o
Diameter

Figure 2.1. General Problem Definition.
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-, 2.2 Background Theory

o Development of the laterally loaded cantilevered pole

, e
L e a_a 4

. problem was initiated by J. F. Seiler in cooperation with
the American Wood-Preservers' Association in the early

o 1930's [1]. Seiler correctly diagrammed the earth pressures

‘.' _', .’- ‘) _’l

P
. 4.
.

about the embedded pole (Figure 2.2).

A Total -
‘ Force R

- Parabolic Stress H X
N B Distribution
¢ . ~ \-.Flr. :
: - ALK ,“._‘4;.'.“' WPZN N
R .34D (=), ;
:; Dl _— % LB ,68D A

D S lE ‘a . D
{ II i 24-521 .
o .560 M. . 1 Triangular Stress
.. I =—— Distribution
. RN =N
N . 1D~ —ve - — Qz

B\
i
e

L

=

~ .

N .

M Figure 2.2. Stress Distribution on Foundation [3].
i-.* Seiler's objective was to classify embedment depths for
S particular timber pole classes, as industrial demand was

increasing and the association felt an economic need existed
for the correlation between pole class and required embed-

o ment. Timber poles are classified according to the strength
in bending; Class 1 being the strongest, Class 6 the weakest

’-
}: in bending.
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Seiler began his research on the premise that a particu-
lar pole class was best suited for a particular soil type.

The most economic use of timber coupled with decreased

Ty I A& RN

labor of excavation lead to the conclusion that if a proper

pole was used, it would develop its full bending strength

just prior to soil failure. This conclusion is rational

and warrants further investigation. Seiler, like many

engineers, was unclear of the definition of soil failure.

Although he properly perceived the earth pressure diagrams,

Seiler's analysis focused on pole rotation when laterally

loaded and ignored the soil pressures mobilized by the :
pole rotation.

A majority of the equations developed by this premise -
are contingent upon the angle of rotation the pole would -
undergo when laterally loaded. Although indirectly, Seiler
was alluding to plastic theory, but allowed his stress analysis
to go beyond the stress which would cause plastic failure.

His analysis never made its debut in the engineering litera-
ture. Seiler adequately described the earth pressures
and respective depths about the embedded pole.

In the early 1940's, Professor P. C. Rutledge was
requested to devise a system by which embedment depths
for signposts could be estimated. 1In association with
the Outdoor Advertising Association of America, Professor

Rutledge devised the nomograph as presented in Figure 2.3 [2}.
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The basis of this nomograph was the earth pressure stress
distribution as presented by J. F. Seiler (Fig. 2.2). By
summing forces horizontally and summing moments about Ql’
Rutledge developed the equation:

DzB

= 72.37D + 2.64H

mru

and solving for D in the quadratic equation:

SlBD2 - 2.37PD - 2.64PH = 0

_2.37p +V (2.37P)% + 4 x 2.64PHSB

2 SlB

D = embedment depth (ft)

P = lateral load (#)

§, = average passive soil pressure (#/ftz)
H = height of P above grade (ft)

B = diameter (ft)

Sl is dependent upon depth as it is the passive soil

resistance at .34D; thus, the above equation must be iterated.

To calculate a safe embedment depth, the soil pressure
depths presented by Seiler and later used by Professor

Rutledge were corroborated by Professors W. L. Shilts,
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o L. D. Graves, G. F. Driscoll of Notre Dame University and i
(Q l! by Dr. J. O. Osterberg of Northwest University [2]. E
i - Due to the limited ability to test soils, and the 3
i - lack of standardized soil classification, Rutledge devised i
; . a testing device which could be used to determine the "f
:é - in-situ average soil pressure (Sl) [2]. It consisted of ?
- :: a 1-%" hand auger which after being rotated into the soil .
} - would be pulled up. The force required to pull out the

3 = auger was correlated to Sl (Figure 2.3). A scale for i
:¥ é; cohesionless soils and a scale for silts and clays are pro-

i: ] vided. The nomograph is limited to embedment depths of

g {E 10', post diameters of 6" to 24" and a load height of 24'.

S - The above equation must be used for any parameters beyond

—

these boundaries.

e,

o ;3 In 1957, D. Patterson, being dissatisfied with Rutledges'
" .
. soil test method, modified the nomograph to include five
| >
e general soil type categories; i.e., very soft, poor soil, :

- average soil, good soil, and very hard soil [2]. To augment
this general classification, the following table was also

s provided:
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Table 2.1. Generalized Soil Classifications. o
" o!
W b
. Clay, in lumps, dry Poor soil :
- Clay, damp, plastic Poor soil ]
e Clay and gravel, dry Average soil R
Clay, gravel and sand, dry Average soil .‘
- Earth, loose, perfectly dry Average soil :jl
s Earth, packed, perfectly dry Average soil "
Earth, loose, slightly moist Average soil .
Earth, packed, more moist Very hard soil
Earth, soft flowing mud Very soft soil
Earth, soft mud, packed Poor soil
Gravel, one inch and under, dry Good soil
A Gravel, two and one-half inches
o and under, dry Average soil
Sand, clean and dry Average soil
. Sand, river, dry Average soil

Patterson contended that in the absence of better
soil data the above table would yield satisfactory embed-
ment depths.

e In an effort to refine the soil data input, D. L.

Ivey and L. Hawkins [3] applied Rankine's formula for passive

- . .
-l soil resistance:
= Pp = yzN¢ + 2c VN¢
= 2 0
N¢ = tan” (45° + ¢/2)

<

With this formula, Sl can be calculated using soil strength

data, C and ¢; furthermore, introduction of a ground water
;; table with subsequent bouyant forces can be accounted for.

R - - . . - - L. - " . ~
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. Ivey and Hawkins extended the design process to include

- B checking the lower stresses (S2 & SL) against the allowable

3 ~ stresses calculated by Rankine formula. This is especially
critical when the ground water table is at or near 0.68D

SR as the lower allowable stresses will be reduced. 1Ivey

and Hawkins recommended applying a safety factor to the

design by dividing the ultimate passive resistance by a

A factor of safety prior to checking the working stresses

i (sl1, s2, and SL).

= 2.3 Programming Rationale

% o The ultimate purpose of "SIGNPOST 1" is to provide
the user a design depth capable of resisting a specified

u lateral load. The "Rutledge" method is used as modified

by Ivey and Hawkins as described in Section 2.2. The program
e is user oriented in that all input is prompted by clear,
- concise questions displayed on the monitor prior to the
L appropriate input command. Output format is intended to
provide easy identification of the calculated solutions
and supplemented by intermediate values calculated during
the program routine. The flow chart, Figure 2.4, is provided
- as a skeleton of basic routines and conditionals as well
as the general sequence of events performed between the

input of the problem parameters and the printed output.
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2.4 Program Use and Limitations _

2.4.1 General .
"SIGNPOST 1" was programmed on an Apple II-Plus with "]
64K random access memory. The disk operating system was

version 3.3 (DOS 3.3). Prior to using this program, the

user should be familiar with the system control features
of the Apple II-Plus. Namely, the user needs to know how
to LOAD, RUN and use the return key; all other commands
and options are integrated into the program.

As with any computer run, the user should have reviewed
the required input parameters and have them available (prefer-
ably in order of response) prior to running the program.

If more than one set of input parameters are to be used,

it is recommended that a table be set up to prevent erroneous
input and reduce input time.

2.4.2 Input

The following is a list of input parameters for

SIGNPOST 1:
a) number of runs
b) angle of internal friction (degrees)
c) cohesion (PSF)
d) wet soil weight (PCF)
e) saturated soil weight (PCF)
f) wind pressure (PSF) (see Fig. 2.5)
g} height to sign centroid (ft)
h) sign area (SF)
i) post load (#)

j)} ground water table depth (ft)
k) number of diameters
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ki) diameter #1 (ft)
ko) diameter #2 (ft)
ki) diameter #i (ft)

1) safety factor

m) depth calculation tolerance

n) passive coefficient of earth pressure*

*Note: This quantity can be input or the program can calcu-
late the passive coefficient of earth pressure at the option
of the user.

2.4.3 Apple II Start Up

A brief discussion of the steps required to run a
program on the Apple II-Plus will be provided here.

a) Plug the computer and the monitor into any 11l0v,
60 Hz, power outlet.

b) Turn the computer on by flipping the switch located
on left back side to the on position. Hit the "reset"
key to stop the disc drive from turning.

c) Turn the monitor on by pulling out the brightness
control.

d) Insert the system master diskette into disk drive
#1.

e) Type PR#6.

f) After tlre disk drive stops (light off) and the
blinking cursor appears, remove the system master diskette.

g) Insert the slave diskette with the program to be
run into the disk drive.

1f the user is unsure about this procedure, refer

to the operation manuals provided with tre computer.




-—
G,

.
® ..
& felel

18 -]

R '(-', .

If a printer is attached to the computer type RUN

' ‘ SIGNPOST 1. Include a space between RUN and SIGNPOST and
a space between SIGNPOST and 1. Type the return key. If
a printer is not available, the user must type LOAD SIGNPOST
1. Once the flashing cursor appears, type DEL 1080, 1080.
- This will delete a DOS command which switches the output

ig to the printer. Type RUN.

1 2.4.4 Program Use

An introduction will begin; the last line will be
the first user question. See Section 2.7 for listing of
: ) all introductory statements, user prompting questions,
N user option questions, and output.
il Each run is associated with a particular set of input
data. Within each run the user may specify up to a maximum
of ten diameters for which a required embedment depth will

be calculated. Refer to Section 2.7 for an example. This

N ]

allows the user to observe the change in required depth
associated with a change in post diameter without having
to repetitiously input the bulk of the input data.
SIGNPOST 1 allows the user to input an additional
load on the post (see Figure 2.1). Rutledge's depth equation

no— was modified to include an additional load and moment arm.

2.37(P+P1) + V,(2.37(P+Pl)2 + 4 x 2'64(PH+PlHlSlB

ZSlB
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A practical use of this feature involves considering wind

- pressure against wide portions of the cantilevered post. B

et
. The user must input force and height (Figure 2.1). If no %ﬁi
= force is to be included, the user should input zero for f':
™ el
R both force and height. )

SIGNPOST 1 provides the user the option to input the

coefficient of passive earth pressure or the program can

- calculate the coefficient. Rankine's formula is used.

K =N, = tan’(45 - ¢/2)

= p ¢

“

-, The user may know from experience the value of the
" coefficient Kp and may want to input it rather than have

it calculated. The computer will ask the user which option
the user desires. If the user responds to input the coef-

ficient, the computer will respond with the guestion, "What

oy is KP?" The user should at that time input the desired

A coefficient of passive earth pressure.

All data must be input in units of degrees, pounds,
and feet. 1In order to change the units, the unit weight
of water must be changed in line 5030 from 62.4 PCF to

= whatever units are to be input. The output will be in :‘

terms of the new unit, but the print statement will still

print out degrees, PCF, etc. behind the variables and solu- jhs

| ® tions. --@
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2.4.5 Output

. Refer to Figure 2.2 for interpretation of the output

- data. S is the maximum pressure of the parabolic stress

distribution on the upper 2/3 of the embedded post. Sl

is the average pressure of the parabolic stress distribution.

S2 is calculated from Sl and represents an average stress

on the lower 1/3 of the embedded post. $S2 is compared

to S2 ALLOW to insure that it is less. S2 ALLOW is calculated

from Rankine's formula of earth pressure. SL is the maximum

pressure mobilized at the bottom of the embedded post.

SL is a function of 82, thus a function of Sl1. SL ALLOW

is calculated by Rankine's formula of earth pressure but

unlike S2 ALLOW, the safety factor is taken to be one. Ivey

and Hawkins [3] contends that due to local plastic failure

;~ at the butt of the post, the stress would distribute upward;
thus, the ultimate pressure versus the safe pressure should

0 be used for comparison.

. Following the output of the calculated data, a list

of the input data will follow. This list will serve as

a verification of proper data input as well as a record

of data used to produce the calculated output.
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2.5 Program List
% SPEED= 158
i PRIMT » FEEEEFEEEEY
11 PRINT ® *SIGNHPOST"
& PRINT * EHEEEFERERR"
13 FRINT
14  FPRINT
13 PRINT
20 PRIMT "DAMA K. EDDY, S73-28-3373"

24
P
9
31
2
35

-
a7

39

PRINT "GR. INSTITUTE OF TECHMOLOGY"
FRINT "3CHOOL OF CIUIL EMSIMEERIMG"
PRINT “DEPARTMENT OF GEOTECHMICAL ENGINEERIMG"
PRINT
FRINT
PRINT
PRINT "3SY3TEM HARDWARE: RPPLE II PLUS (54K )"
PRINT "SYSTEM HARDWARE: DOS 2.3, APPLESOFT BRASIC LENSURGE"
PRINT "PROGRAM DATE: APRIL, 1933"
PRINT
FRIWT
FPRINT
FRINT
PRINT "SIGHPOST ESTIMATES THE MINIMUM EMBEDMEMT DEPTH OF A SIHGLE CanT
ILEVERED POST FOUNDRTION. THE CLASSICAL APPLICATION IS A SIGH O HAR
RUE SUBJECTED TO WIND LORDS, "
FRINT
FRINT
FRINT
SPEED= 255
PRINT “HOW MANY PROBLEM SETS DO YOU WANT TO RUNT  THE USER MAEY IHAUT
SEVERAL POST DIAMETERS FER FROBLEM SET.M
IHPUT H
PRINT
PRINT
DIM RCM,25 0
FOR I =1 TOMN
PRINT “HHAT I5 THE AHWGLE OF IMTERMAL FRICTION OF THE S0IL FOR RUM &"I
"7 CODESREES M
IHFUT RCI.10 .
FRINT "HWHAT I35 THE COHESION OF THE SOIL FOR RUM #"I"7 (P3SF -
INPUT RCT,20
FPRINT "HHAT IS THE WET HEIGHT OF THE SOIL FOR RUM #"IV7 (PCF o
IHFUT RCTI,Z0
PRIHMT "WHAT IS THE SATURATED WEIGHT 0OF THE SOIL FOR RUM #°T"'7T CRCF "
IMPUT AT ,40
FRINT “"WHAT IS5 THE WIMD PRESSURE AGRINST THE SIGH FOR RUM &°1"F @IF

THPUT ACI,50

..............................
..................

o« Coe .
i e, W et

;
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DA

PRIMT "HHAT IS THE HEIGHT ABJUE GRADE TO THE CEMTROID OF THE =Ion FOR
RUM #"I"7" (FEET »"

478 INPUT RCILED
438 PRINT "HHAT IS THE RREA OF THE SIGN FOR RUH #"I"7 (SFa"
430 INPUT RCILTH
S99 PRINT "WHAT IS THE LORD OM THE POST FOR RUH #"I"7 ¢POUNDS
- S18 INPUT RCIL3D
- T S2@  PRINT "WHAT IS THE HEIGHT ABOME BRADE OF THE POST LOAD FOR RUM #"I1°7
N ¢ FEET »"
- SEE 0 THPUT RACI,30
- S

B A FRIMT "WHAT IS THE DEPTH BELOW SRABE OF THE SROUND HRATER TRELE Fom Rid
- : Mo#"I"? CFEET»"

THPUT RA(I.,1a>

FRINT "HOW MANY POST HOLE DIAMETERS DO YOU WAMT TO IHFUT FOR RiH #°1¢

- A
et T

Ldl
o

o
I U
(A

AN S7E IMPUT R T,110
o SE0 FOR J = 1 TO ACI.L13
ES 538 PRINT "HHAT IS DIAMETER #"J% (FEET "

’ eRR =0+ 12
ol B1E IHPUT RCI,J)
Nl B2G J = J - 12
. B3R HEXT J
- Bd PRINT “HHAT I3 THE SAFETY FACTOR FOR RUM #"I"?"
e & £SE INPUT ACIL120
( l A51  PRINT "IMPUT THE TOLERAMCE FOR DEPTH CALCULATION. (RECOMMEHMD .5 —-.1.

o @ FTu"

g 552 THPUT TL )
ST ESa PRINMT “DO0 YOU WANT TO INFUT THE COEFFICIEHT OF PRSSIUE EARTH PRESSURE
- CEPY J(YESI, DR HAUE SIGHNPOST CRALCULATE EF FOR YO CHO D #0
. GVE IHPUT Bf:x = RSC CB$y: IF ¥ < 24 30TO 794
e B3 PRINT "HHAT IS EPF"
s RIS IHPUT BCI1,280
- IS 507D Fle
- TR ACILESD = TAM (045 + ACIL1y 4 20 % L@1TAS0) ~ 2
. TIE RCILI1Y = ACIL1L + 12
' T FOR K = 13 TO ACIL110
el FIA ACI,210 = 20
L 74 2 o= .34+ ACIL.210
jJ “ ron bU:UB b5 151 5)
L Ve RACI.220 = PS
- TPR OACILZZY = (BEBT % ACLLZ2
- T332 GISUB BAB9
e - Iy IF O < ACIL,210 GOTO S20
L 209 RCI,210 = ACTL210 + TL
b 310 GOTO 748
P 220 IF D » RCIL210 - TL GOTO 259
= 238 RCIL210 = AL, 1- - TL
(SIS 3312 = .34 » AL,
e U 232 6OSUB ‘@BG:R“I:&SJ = PG
s -
L)

.............
...........
..............................
....................................
.........

-..3.. \_AA‘.A.L.. l-(-:;




~————v— PR MaETaE ShE 2 AT AT S et AP AL s e st st el 2ol oS A R T
§ _ At T Tt A S S et Mec it i b et A A AL R ML SR i OIS
k \ LY N - . - "'-‘ F‘ .‘-'\‘4‘ AR - l. . - - -

23

-~

33 ACLL.23» = .8887 » R(I,223: BOSUB 5929 4
34 GOTO Szo -
00 R(I,240 = ACIL23)0 » (.28 # ACLL21) 7 CACILEY + .34 % ACILZ1000 + .S ]
B8 I = .88 % ACLL,Z1) P
8 sOSUR 599 ]

g
PS

3
8
258, 04C 1,25) ]
38 IF ACTL25) » ACIL24) GOTD 953
» 958 ACILZ21) = ACIL21) + TL
. 908 Z = .34 ¥ RCIL2LY
928 GOSUB S8890
. 939 ACIL22) = PS
- 46 ACIL,23) = JBEET * ACIL22:
At 258 GOTD 359
YEQ ACILZE) = 2 % RCIL240
R AT T = RCILZLD
o SoH  GDSUB Sou0
A3 ACILETY = PS * ACI.12)
- 18988 IF R(IL27) > ACL,268) GOTO 1938
= 1919 ACI.21) = ACT,21) + TL
B 19209 2 = .34 = ACL,213
(938 G0SUB SP9B
- 1848 AC1,22) = P3S
" 1958 ACIL23» = 8867 = ACI.22)
LOEB ACT.240 = RCIL23) 7 .28 % ACT,210 ~ CRACTLEY + .34 % ACTLZL0y + .S
- 18759 GOTO 9&0
Il 18928 L = CHR$ (49 PRINT L$:;"PR#1": FOR L =1 TO H '
R 1WsS1 K = K - 12 '
i Ladid  PRIMT Mmoottt s etz n
1923 PRINT s
a

=
o 00 Gl OO

I

PRINT "QUTPUT FOR OI
PRINT *
PRINT
L 1892 PRINT
' 1189 K = K + 12

- 1118 PRINT "DIAMETER ="A(I,K>" FEET  “,"OEPTH ="A¢I,21 3" FEET"
o 1111 PRIMT
’ 1128 PRINT "3 ="R(I,22)" PSF  “,"531 ="@1,233" PSF®

1121 PRINT

LIZ8 PRINT “S2 ="R{1,24)" PSF","32 ALLOM ="R(I,252" PSF"

1131 PRINT

Pled PRIMT "SL ="@{1,283" PSF","SL ALLOW ="RAC 1,273" PSF CULTIMATE o

1141 PRINT
A% 1142 FRINT )
= 1158 MEXT K 5

1152 PRINT "#53#ssrdersaissrrecreces”

METER #"K" LRUMN #"I".“

AR TR AP0

—
o G
oo W
PO -

y :f 1159 PRINT "#¥s#6t358%25555080805"

e 1ica  PRINT "IWPUT FOR RUMH #"I","

$ 1161 PRINT "$##$3588%5558450558855"

N 1162 PRINT »
{




1178
1171
1189
1131
1199
1191
1208°
1261
1219
1211
l2za
i221
239
1231
1248
1241
254
1251
1268
1261

5]

PRINT
FRINT
PRINT
PRINT
PRINT
FRINT
PRINT
PRINT
FRIWT
PRIMNT
FRIMT
PRINT
PRIMNT
FRIMT
PRINT
FRIMT
FPRIMNT
FRINT
PRINT
PRINT
PRINT
FRIMT
PRIMT
PRINT
FPRIMT
FRINWT
FRIMT
FPRINT
MEAXT 1

RETLIRH

=

O ™ 14
FETURH

Y- B2.40 £ (2 - H

"ANGLE 0OF INTERNAL FRICTIOM ="RA<I.,1:»" DEGREES"

"COHESION ="R(I,z»" PSF"

“KP ="R(I,23)

"WET WEIGHT OF SOIL ="R{I,3>" FCF"

"SATURATEC WEIGHT OF SOIL ="RAlI.4»" PCF"

"WIND PRESSURE ="R(I,S2" PSF®

"HEIGHT OF SIGN CEWTROID ="RCI.c>»" FEET"

"OREA OF SIGN ="f/ [,70" SF"

LOAD O POST ="RACI,S30" &

"HEIGHT OF POST LOAD ="RA(I,33" FEET"

"DEPTH 0OF GWT ="AC(I.,18»" FEET"
"SAFETY FACTOR ="ACI.12)

IIT':ILERnr‘l:E =+’,.'__ll TL u FEET 1]
L$:"PR#G"

CI.180 BOTD 5828
A.I1,30 « 2 % ACILE300 + 02 + ACILZ20 % ACI,230

ACT,3 = ACTL19h =

3 % CCRACILSy % ACILTox + ACT,20
B HCILTID 4+ ACILBY) o ROILED
I,63 + ACIL32 # AVI,I00 » 2,83

s RCILKD

S RACTL2300 -~ 2

ORI & R

24

-, " Y ' I A . ¢ P )
ORISR U
P P .

™

- @
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2.6 Variable List (SIGNPOST 1)

L Input R

: - N = # of runs :j

: A(I,1l) = Phi angle j
- )

A A(I,2) = Cohesion 5

5 . aA(I,3) = Wet soil weight

‘ e A(I,4) = Saturated soil weight

N f: A(I,5) = Wind pressure

?; ) A(I,6) = Height of sign centroid

f éé A(I,7) = Sign area

; = A(I,S8) = Post load

oo A(I,9) = Load height

' . A(I,10) = GWT depth

: i A(I,11) = # of diameters

~ ;; A(I,12) = Safety factor

| m A(I,J) = Diameter -

Lo A(I,28) = Passive earth pressure coefficient F
- TL = Tolerance ~

: - Flow Control

3 :l X = Question input

- Counters

1 - I = Run #

i Et J = Diameter # “

v 4 ‘e

? K = Output i

’ g
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Miscellaneous

2

Depth

PS

Earth Pressure
A(I,22) = 5§
A(I,23) = sl
A(I,24) = 82

A(I,25) = S2 allowable

A(I,26) = SL

A(I,27) = SL allowable (ultimate)
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2.7 Program Verification

A A
2 LGHFDET -

R o

OkkHR . EQDY . S72 o
. aHL. THRTITUTE OF tEtHNHLDG#
- SIOHGOL OF CIWVIL EMGIMEERIHG
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e CF. RICHARRD D0. EBREESDALE, ROVISOR

STATEM HARDHARE: APPLE IT1 FLUS CE4E
SYISTEM HAROWRRE: Wz 2.3, RPPLESOFT BREIC LAMGLIRGE
PronsdEM OATE: RPRIL, 1333
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Pt
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Yz

MAT 5 THE HET HEIGHT OF THE =0IL FOR R #LF C=TF

Vil ‘
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OO0 P HWANT 7O IHFUT FOR RUH #17

FETY FACTOR FOR RUW #1°7

CREECOMHMERD .S — 1.8 FTo

FRZSIVE ERRTH PRESSURE (KR
I SR

SRUN #1L,

SLOALLOH =18235.3%: PSR CLULTIMATE X

SR #1,

DEFTH =41.% FEET
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OIRMETER =32 FEET DEFTH =33.5 FEET

53 RLLGH =Z547, 95373 FPSF

Sho=5268. 11268 PSF ZLOALLOM =3133 8332 PIF CULTIHAYE
FEREEEEFEERSEEFE LR X SR

FERREREXEERELR LR SR L ERE

IHFLUIT FOR RUN #1.

EEELXEREXFLEF LR LR E LSS
AHGLE OF IWTERMAL FRICTIOM =73 DEGREES
COHESION =209 FIF

bE o=,

- =
«._-l

=

——
LR

ARART

HET HWEIGHT OF Z0IL =118 FOF
SHATURRTED HETGHT OF S0IL =122.4 FPCF
HIHD PRESSURE =40 PSF

HEIGHT OF SI5M CEMTROIO =197.5 FEET

hal

FER COF ST

M =456

AN
X

=F

LUAD Or FOST =1o06 #
HEIGHT F POST LOAaD =g FEET

—
e

FTH R GHT =15 FEET
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4::.5 :{.

'_\:. ,\: e

SO ASSUME D = 4/.5
) B

CALcucArE S © 2= .34D =.34(41.8) = 1911

_. ‘ S - 797,,=(Ho(l4.u')a.77+,2{200> 2.77>/g
= 24¢ 2.5 *L[;:t‘* e

ll /l "

AL
ARAAR

3 B (ﬁLCULMTE <1{
o= Yas =2 (2d92.5)

e = /6550 TJrpt /

CALCU LATE D

, . 8RRy ((.lE(PrP.\)\\-‘: (B Hy-E, 1Y) 2.3
. b st S

P = 450 ££* - 40 % Jrer = /8, 000.0 %

> 1,18 (1000 18,000)
| D= =
(2-5) I6ss

/(/./8 (/ooowgooo))i ((18000-107.5) +(000 . 501 +2.. 2
/ '
.— v -

2.5) 1658 (2.5) 1655

N

= 549 +Jz¢;.3¢3 = /207,76

o if‘ = 4/.35 = 4].5' oK
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2 CHeek Sz < SL ‘ n
Si _ , 238D / ~"
sz = i aan T /2 :
. . o_es(a3s) | /. ‘s
- /07.5+.,34(41.35)
= .59%
Sz = St /5.75 ’
N B ,
N = 655/ o
E = 2780.4 e - :
& .
- SLareay 7 pp ® 2= 6%D = 28./27 :
) S Zsipw = [(1005) + (22.9-62.4) (28.12-15)) 277 +2(=2 ;
' (277 /2 -
= 3708.4 ¥eo - v .
- S2 < $S2 puwow L

SL = 262 = 2(2780.4)

= §560.% e

SLacns - 77 (“47”’4‘475)5'6:') @2z=D *

= 41,35
SLAvww = Polrs)+(122.9

) (4135 -18)) a7 + o
2 (200)y2.77 :_.-_..
= 496/5 0 .:‘1(/»‘—?:Z 7 ::;
y SL < SL Actow !
‘:_. y
REQUIRED DEPTH = 41.35 .
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CHAPTER III

CANTILEVERED WALL

3.1 Problem Definition

CANTWALL 1 calculates the required embedment depth

of a cantilevered wall. Although cantilevered wall heights

are limited by structural constraints due to high bending

moments in the wall, CANTWALL 1 can calculate the theoretical
penetration depth required to support any height of wall.
The limitations of wall height are discussed in more detail
in Section 3.4. As depicted in Figure 3.1, the vertical
wall penetrates through two soils. The soil characteristics
are specified in terms of angle of internal friction, co-
hesion, saturated, and wet unit weight. A friction angle
for the soil-wall interface must also be specified. The
ground water table can be specified to exist anywhere from
the top of Soil #1 to any depth below grade.

CANTWALL 1 satisfies the static summation of horizontal

forces and moments.
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" T o
X Y, (Gl) ¢ (Al)
GWT yS(GZ) ka(Kl) Soil #1
c (G2 § (Bl
_L (G2) (_) v
- Wall Height B
- . yH,0 = 62.4 PCF (G5)
- ey v, (G3)  ¢(a2)
’ Y5 (G4) §(B2) Soil #2
c (C2)

Penetration Depth kp(KZ)
-, ka(k3)
£}
X 1
- Figure 3.1. General Problem Diagram Cantilevered Wall.
ﬁ 3.2 Background Theory
» 3.2.1 General Definition
T A cantilevered sheetpile wall depends upon its embed-
- ment depth to develop resistance against the overturning
. effect of a soil backfill. Cantilevered walls develop

their strength through passive pressure in the lower soil

thus counteracting the active earth pressure in the back-
= fill. These walls do not depend upon an anchor in the

backfill for support.

As depicted in Figure 3.2(A), cantilevered walls rotate

about a point in the lower soil [1].
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(a)

{6)

Figure 3.2 (a) Assumed clastic line of the sheetpiling: (h) probable and as obtained in finite-elemen:

solution qualitative soil-pressure distribution; (c) simplified pressure diagram for computational pur-
poses (granular soil and no water as shown).

Through model testing and field experience, the earth

pressures mobilized as the wall rotates are shown in
Figure 3.2 (b) [l}]. For ease of calculation,

these pressures
have been simplified, Figure 3.2

(c).
The classic solution of the cantilevered wall involves

assuming a trial embedment depth and varying the passive

pressures in the lower soil until the summation of horizontal
forces approximate zero. Moments are summed about the
point of zero shear (Point o, Figure 3.2 (c)) in the lower
soil. If the net moment indicates the wall will overturn,
a deeper depth is assumed until a safe condition

is calculated.
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Two methods for applying a safety factor have been used.

A N SR
t - .
P o, : ‘
e A .. ‘.
-

The passive pressures in the lower soil can be reduced

:: o by a factor, or the calculated depth increased by 20% to :
~ S _
- 40% [2]. :
- )
g Although there are other methods, the Rankine theory :
of earth pressure is used to calculate the coefficients
- of earth pressure.
\
_? ~ K = sinz(a+¢)
‘L a L2 Sin(4+8)sin(s-8) |
y é sin“a sin(a-§) [l + \/sin(a—d)sin(a+6)
+ L - | sin®( - )
- P .2 . ;sin(¢+68)sin(¢+8) 2
. . sin“a sin(a+s) [l = \Sin(a¥6)5in(a*)
% ‘
- where,
| ] a = wall inclination from horizontal
;f - B = backfill inclination from horizontal
. § = wall-soil friction angle
v ¢ = angle of internal friction
- RS Similarly, the Rankine equations for plastic soil behavior
viﬁ are used to calculate the active and passive states [3].
i —
oy = YZka - 2c¢ \] ka
o o = vzk_ + 2c Jk
’ L p p P

."_ n':f.

L}




where, 38

o_. = active earth pressure :?
op = passive earth pressure

y = unit soil weight

Z = soil depth

C = cohesion

o - Effective stresses are considered using bouyant soil weights

X in the above equations. Water pressure is superimposed

on the earth pressures when the soil is saturated.

. In cohesive soils, tension cracks will develop when
é; the so0il is allowed to expand. This is the case in active
. pressure zones. The backfill, or soil #1 as referred to g

in this text, is an active zone. The depth of these tension

‘ l cracks are calculated as [3]:
. 2c
o %0 =¥ Vp

- [
h N where, ;
. §§ Zo = tension crack depth i

y = soil unit weight v
c = cohesion if

; N kp = passive coefficient
‘; - Any water that may accumulate in the tension cracks is !‘
: considered in the computation of the active force in the =

backfill. Figure 3.3(A) illustrates the active pressures "

LT e

. mobilized behind the wall for cohesive soils. The cohesive =
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Figure 3.3. Equivalent Active Pressure.

G f& (a) Separate Ranking Pressure Distribution
AT (b) Combined Pressure Diagram
SV (c) Equivalent Active Force
ool
( . component of the soil tends to counteract the active force

mobilized by the soil weight. In certain cases when the
backfill has a high cohesion (C = 1000 - 2000 PSF), the -
n net active pressure is equal to or less than zero; conse-
Lo guently, the soil can theoretically stand unsupported.
Ef -~ This premise is time dependent as changes in water content
and time can alter the available cohesion in soil.

3.2.2 Equivalent Active Force

In cases where a net positive active force exists

-j - in the cohesive backfill, an equivalent active force may
be used. Figure 3.3 (b) illustrates this condition. For
computation the positive active force (Al) is used. The

e . negative cohesive active force is ignored. Force Al

D i)
» Ve .

-
.
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is distributed along the entire height of the wall (A2).
Figure 3.3 (c) illustrates the final pressure distribution
of the equivalent active force concept. 1In addition to
disregarding the negative cohesive force and its contribution
to moment, the equivalent active force method increases
the lever arm distance thus increasing the overturning moment
and ultimately the required penetration.

3.2.3 Pressure Calculation, Soil #2

To complete the soil pressure in the lower soil (Soil
#2), active and passive pressures are calculated for each
side of the embedded wall. Figure 3.4 illustrates the
various components of the earth pressures. As previously

mentioned, a factor of safety can be applied by reducing

the passive pressures.
is subtracted from the

The resulting combined

The active pressure of one side
passive pressure of the other side.

pressure diagrams are shown in Figure

3.5. In general, a granular, noncohesive soil will have

a pressure diagram similar to Figure 3.5 (b); conversely,

a cohesive so0il will have a combined pressure diagram similar

to Figure 3.5 (a). P2 represents the pressure at the soil

interface and will be discussed in more detail in Section 3.4.
The pressure against the embedded depth of wall is

varied by altering Line L1 which is drawn from the lower right

hand side pressure diagram up to an arbitrary point on

the left hand side pressure diagram. The actual pressure

®
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& / \
[ \ L
H,0

- H,0 c ' 2 C q

Active Passive
l ' _ (a) Right Side Pressure Considerations.
778K

" v

. 778X
.. I ' ..——’—1 %
i J L \

HZO

H20 cC v' v' C q

Passive Active
(b) Left Side Pressure Considerations.

e Figure 3.4. Earth Pressures in Soil #2.
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(a) Combined Pressure Diagram (-P2)

77ANN
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L1

(b) Combined Pressure Diagram (+P2)

- Figure 3.5. Combined Earth Pressures.
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distribution is approximated as in Figure 3.2. Line L1

is varied until the summation of horizontal forces approaches
" zero. Although the active forces in soil #1 is emitted
from the diagram, the forces are considered in the summation
of forces and moments. Moments are summed about the point
where the line crosses the embedded wall. The net moment
indicates whether the assumed depth needs to be increased
or decreased. The entire sequence is repeated for a new
depth until static equilibrium is achieved.

;5 3.3 Programming Rationale

3.3.1 Program Flow

The program flow is executed similar to a manual calcu-

" lation. As depicted in Figure 3.6, the problem necessitated
four main branches. Each branch is contingent upon the _7
é location of the ground water table. If the water table E
- is in soil #1, the program will iterate within one branch ;:
é exclusively. This is typically true if the water table i:
N
jg is specified to be deeper than the originally assumed wall -
- penetration and the calculated wall penetration. The program ;‘
! must iterate between branches when the water table 1is
E within the embedded wall depth.
i - As previously defined, the pressures in soil #2 are °®
E varied until static equilibrium is achieved. The pressures
5 in soil #1 do not change during iterations; therefore,
é ' the program minimizes the number of times the pressures .§
b are calculated. To vary soil #2 pressures, the depth to '
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the maximum pressure on the left hand side of the combined
- pressure diagram is increased or decreased depending upon
the previously calculated net horizontal force. If the
net sum of horizontal forces is positive (to the left), f:
the depth of maximum left side pressure is increased thus
T increasing the negative pressure (left side pressure to
' the right). As described in Section 3.4, the depth to
- the maximum pressure is defined as Z4. s

3.3.2 1Iteration by Slope-Intercept

t; To reduce the number of iterations required to balance
; _ horizontal forces, a slope intercept method was employed 2?
. é. which would increase or decrease Z4 toward a projected ;;
‘ new Z4 which corresponds to a net summation of horizontal '
forces of zero. Figure 3.7 illustrates this slope-intercept '
. ff concept. :
-
= .
4 a8 z4,, IF; :
! 1 //,.New Z4 ;
LF -
Z4
- o 24,,IF, L4
- Figure 3.7. Slope-Intercept Search Method. ?
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After using the above routine, it was found that only ;_4

three iterations were required to balance the horizontal -

forces of the system. This indicates a linear relationship
between the summation of horizontal forces and Z4. The

same method is used for establishing the best new embedment
depth (Z1) compared against the summation of moments. The
program iterates up to 15 times prior to balancing the moments;
thus, Z1 is not linearly related to the summation of moments.

3.3.3 Sign Convention

To simplify calculations, the sign convention was
established such that all forces to the right are negative
and forces to the left are positive. Counterclockwise moments
are positive; therefore, all lever arms are positive except
the lever arm associated with the lower right hand side
force in soil #2. This lever arm is negative because the
summation of moments is about point 0 (Figure 3.2c) and as
previously mentioned, forces to the left are positive.
Subroutines are used as much as possible to reduce
repetitious program lines. The calculation of pressures

in soil #2, the summation of forces (5000), and the summation

of moments (6000) are the main subroutines.
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3.4 Program Use and Limitations

3.4.1 1Input
CANTWALL 1 is a user-oriented program. All input

and options are prompted by statements and questions which
instruct the user that a particular input is necessary.
As with all programs, the user should be familiar with
the input variables prior to beginning the run. This will
prevent inputting incorrect or mistaken variables. A sample
of the prompting questions are presented in Section 3.7.
The user must input the following variables (refer to
Figure 3.1):

a) number of runs

b) wet weight, soil #1

c) saturated weight, soil #1

d) cohesion, soil #1

e) Phi angle, soil #1

f) wall-soil friction angle, soil #1 (sece Table 2.1)

g) wet weight, soil #2

h) saturated weight, soil #2

i) cohesion, soil #2

j) Phi angle, soi1l #2

k) wall-so0il friction angle, soil #2 (see Table 3.1)

1) wall height

m) ground water table depth

n) tolerance

o) safety factor
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Table 3.1. Friction Angles for Various

[2].
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Interface Materials

) Friction Friction
Interface Materials factor, angle,§
tan § degrees
Mass concrete on the following foundation materials:
Clean sound roCKesesseocesasessosssccosncsesconsese 0.70 35
Clean gravel, gravel-sand mixtures, coarse sand... | 0.55 to 0.60 29 to 31
Clean fine to medium sand, silty medium to coarse
sand, silty or clayey gravel.scessessccescaecssss |0.45 to 0455 24 to 29
Clean fine sand, silty or clayey fine to medium
SANdecsoesessssonssasscssasscscascsassanssssnssns | 0435 to 0.45 19 to 24
Fine sandy silt, nonplastic silt.seeecsseessosesss |0.30 to 0.35 17 to 19
Very stiff and hard residual or preconsolidated
ClaYeseseeseescacscssonsssscsosssssnssssscsssesasss | 0.40 to 0.50 22 to 26
Medium stiff and stiff clay and silty claYeieesseo | 0.30 to 0.35 17 to 19
(Masonry on foundation materials has same friction
factors.)
Steel sheet piles against the followlng soils:
Clean gravel, gravel-sand mixtures, well-graded
rock fill with spallsSeeececeeccscscsscscsccasassss 0.40 22
Clean sand, silty sand-gravel mixture, single size
hard rock fill.ieessvevesscsecsstsoccsscsssscoscss 0.30 17
Silty sand, gravel or sand mixed with silt or clay 0.25 14
Fine sandy silt, nonplastic Siltecececccccsascsces 0.20 11
Formed concrete or concrete sheet piling against the
following soils:
Clean gravel, gravel-sand mixture, well-graded
rock fill with spallSececcecssscevcsacsssssesssse | 0.40 to 0.50 | 22 to 26
Clean sand, silty sand-gravel mixture, single size
hard rock filliceeeecsoososassccoscoscssssssssnas |0.30 to 0.40 17 to 22
Silty sand, gravel or sand mixed with silt or clay 0.30 17
Fine sandy silt, nonplastic Silteeeceaccecscscscss 0.25 14
Various structural materials:
Masonry on masonry, Igneous and metamorphic rocks:
Dressed soft rock on dressed soft rockessesocsse 0.70 35
Dressed hard rock on dressed soft rockeseesescsos 0.65 33
Dressed hard rock on dressed hard rockesssseoces 0.55 29
Masonry on wood (Cross grain)eecesscssescccccsocccss 0.50 26
Steel on steel at sheet plle InterlockSeeesesssceee 0.30 17
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p) option, tension cracks in soil #1

q) option, equivalent active force in soil #1

r) option, input coefficient of earth pressure or

calculate

s) assumed penetration depth
3.4.2 Units

All input is in the units of feet, pounds, and degrees.
The units may be altered by changing line 744 (G5 = 62.4)
which establishes the unit weight of water as 62.4 PCF.
Angles must be input in degrees. Although the units of
the input variables may be chang2d, the print statement
will label all output in the original units.

3.4.3 Repeat Runs

Each run is totally independent of the previous run;
all input will be required again. This function saves
time by eliminating the introductory statements and the
system commands the user must execute to run the program.

Input variables b)-1l) are self explanatory and are
depicted in Figure 3.1. The depth of the ground water
table is taken from the surface of soil #1.

3.4.4 Tolerance

The tolerance for depth calculation is recommended
as 0.1 to 0.01. The tolerance is used during the summa-
tion of forces and moments routines. The tolerance 1is
the maximum difference between a calculated depth and the
new assumed depth. For force summations, Z4 1s compared

and for moment summations, Z1 is used.
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3.4.5 Ssafety Factor

g! CANTWALL uses the safety factor to decrease the passive : ’
pressures in soil #2 prior to creating a combined pressure
~ diagram. This method was previously described in Section
i 3.2, wWhen specifying a soft cohesive soil for soil #2,

it is recommended to use a safety factor of 1 as the resulting

combined pressure diagrams will indicate wall instability.
This is discussed in more detail later in this section.
3.4.6 Options

The user may exercise three options; i.e., spécify
tension cracks in soil #1, specify an equivalent active
force in soil #1, and input the coefficients of earth pressure
versus using the values calculated by the program.

The theoretical depth of tension cracks as described
in Section 3.2 are used when this option is exercised.
With this option, the force due to water pressure in the
crack is included. The force is calculated from hydrostatic
pressure for the calculated tension crack depth. The problem

checks the crack depth against the ground water table depth

and the wall height. The crack depth can not exceed the
wall height or the depth of the water table.

The equivalent active force option is calculated as

described in Section 3.2 (Figure 3.3). Because the tensile

effect of cohesion is ignored and the lever arm of the ;Eﬁ‘
positive force is increased, the overall effect of exercising

this option is to increase the required wall penetration. le
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The program allows the user to input the coefficients
of earth pressure. If the user exercises this option,
the program will not calculate the coefficients as defined
in Section 3.2. The user will be required to input the
active coefficient for soil #1 and the active and passive
coefficient for soil #2. All input will be prompted by
questions if the option is used.

3.4.7 OQutput

Printed output consists of a list of input variables
and the required penetration depth. A supplementary data
list is available giving the value of the variables used
in the programs. After the required penetration depth
is printed, the user is prompted by a question asking if
the list of variables is desired. Figures 3.8 to 3.13
serve as a guide for interpreting the supplementary variables
listing.

To locate the proper diagram, the user must know the
ground water table depth (23), the wall height (Z2), and
from the supplementary list, know the values of 21, Z4,
and P2. If Z4 is less than 22, Figures 3.8 or 3.9 apply:
if P2 is positive, Figure 3.9 applies. Table 3.2 is provided

to easily identify the proper figure.
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I Figure 3.9. Forces and Lever Arms, GWT in Soil #1 (+P2).
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Figure 3.1l1. Forces and Lever Arms, GWT in Soil #2 (+P2)
(23 < 24 + Z22).
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Table 3.2. Figure Identification. ";q
o}
.
GWT Depth Figure -]
+P2 -P2 A
23 < 22 3.9 3.8 N )
Z2 < 23 < 24 + 22 3.11 3.10
Z4 + 22 < 23 < 21 3.13 3.12
23 > 21 (soil #2) 3.9 3.8
Z3 > 21 (soil #1) 3.11 3.10 .
A separate figure is not included for Z3 > 21 because ;:“
the correlation of data to the figures is identical to
those already shown. When 23 > Z1 use the forces and lever
arms of Figures 3.8 and 3.9 for soil #2; similarly, use @
Figures 3.10 and 3.11 for soil #l. Forces and lever arms ﬁ;i
consistently correspond to each other; i.e., LA is always 2
the lever arm for Fl, LE is the lever arm for F5, and LJ ;:;
is the lever arm for FO. fjp
CANTWALL will many times calculate a lever arm that .iﬁ
is not used but will be printed in the supplementary list. 'Z;

As long as the corresponding force is zero, the user can
summize that the particular force and lever arm was not ;:X
a part of the calculation.
In the first problem in Section 3.7, the supplementary
data list indicates FG = 0# and LF = 24.23 ft. Referring

to Figure 3.8, the user finds that % is the water pressure
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due to tension cracks and that since FG = 0#, tension cracks

were not specified and that although LF was calculated,
it did not affect the summation of forces or moments.

3.4.8 Error Warning

CANTWALL uses warnings to prevent the user from specifying
problem parameters that can yield incorrect solutions.
The warning, "Assumed depth must be increased" followed
by the prompting statement, "Input assumed depth" will
be printed on the monitor when 24 exceeds 21. Referring
to Figure 3.8, it is evident that Z4 cannot be greater
than 21 as the combined pressure diagram will not reflect
the actual pressure distribution of Fiqure 3.2(b). The
user must input a new depth, preferably two to three times
greater than originally assumed. Input an estimated depth

according to Table 3.3.

Table 3.3. Recommended Assumed Wall Depths.

N (Sand) Clay (Cu, PSF) Depth (SF = 1)
0 - 4 Soft (250~ 500) 2.0H
5 - 10 Firm {500 - 1000) 1.5H

11 - 30 Stiff (1000 - 1500) 1.25H

31 - 50 Very Stiff (1500 - 2000) l1.H

50+ Hard (>2000) .25 H
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Although the number of moment iterations may be reduced

e
'. in half by specifying a depth close to the required depth, .

it will many times reduce actual user time by inputting

T a seemingly large assumed depth. Doing so, the warning
n will not appear and the program will iterate the required
depth in a relatively short time.

When the condition:

4c - g < O

where,

q surcharge on soil #2

.. c = cohesion of soil #2

- is satisfied the passive pressure below the dredge line

ll is always less than the active pressure (Figure 3.14).
Therefore, an equilibrium condition cannot be achieved
no matter how deep the sheet piling is driven below the

)] dredge line. This condition may occur in soft and very

| soft clays typically having undrained shear strengths less
than about 500 psf.

The program identifies this condition when Pl is cal-
culated as a positive number (see Figure 3.8). Upon idenfi-
fication of this condition, the statement "*Warning* Computed

- Wall Instability" is printed on the monitor. The user
is given the option to end the program or to re-enter the

input variables. The first correction would be to reduce

>. the safety factor to one. If the program successfully runs,
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Figure 3.14. Quick, Undrained Loading in Cohesive Soil.

increase the depth by 20% to 40% [2]. The second correc-
tion should be to decrease the wall height thus decreasing

the value of "gq." If all else fails, the user must change

the soil conditions in soil #2 or abort the design completely.

The final warning advises the user that soil #1 is
in tension and does not mobilize an active force on the
wall. This will occur when socil #1 is specified to have - y
large cohesive characteristics. As described in Section
3.2, this phenomena occurs when the cohesive effects of

the soil are great enough to allow the soil to stand
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unsupported to a height equal to or greater than the speci-

. fied wall height.

The only way to avoid this condition is to increase
the wall height thus increasing the active force on the
= wall due to soil weight, or decrease the cohesive charac-
teristic of the soil.

3.4.9 Limitations

The limitations of CANTWALL relate primarily to the
physical description of the conditions. The most severe
limitation is not being capable to specify a surcharge
load on the backfill (soil #1). Many practical applications
would warrant a surcharge. If a surcharge exists, the
user can decrease the cohesion in soil #1 and soil #2
.' by an appropriate amount such that the net effect on the
wall is the same. Since the cohesion creates a rectangular
pressure diagram as does a surcharge, this could be done.

/] A negative cohesion may be input to simulate a surcharge
in a cohesionless backfill. The user must convert the

. surcharge to a proper value of cohesion by the following

analogy:

Q
Il

-2c' Vka cohesion

og = q ka surcharge

®
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where, ;;
l og = active earth pressure due to cohesion .j
. ]
i og = active earth pressure due to surcharge : :
Y
c' = equivalent cohesion -
104
" 2
. g = surcharge g
.- ka = active earth pressure coefficient i&
In a cohesive soil, the equivalent cohesion is added ”!;
to the cohesion of soil #1 and soil #2. The user must ;$3
o maintain a consistent sign convention. See Figure 3.15.
(%
s -
INEREER RN
. FZZNN J1ANN

F S SANN ZZEN

oC o (oc - oq)
- a a a a
(a) Active pressures due to (b) Equivalent cohesion

cohesion and surcharge

‘ Figure 3.15. Surcharge Represented by Equivalent Cohesion
2 in a Cohesive Soil.
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Another limitation is the predetermination of soil

layers. Although the user may easily specify a homogeneous
condition, the user is limited to two soil types separated
at a predetermined depth. Engineering judgment is the
only guide in this case.
The calculated method used in this program assumes
L a rigid wall and therefore no effects of moment redistribution
- attributed to wall flexibility are considered.
The final limitation i1s contingent upon the fact that
;; any cantilevered structure is limited in length or depth
by the large bending moments developed under locad. 1In
general, heights exceeding 15 to 20 ft are infeasible.
u Construction materials with section moduli high enough
to withstand the bending moments become uneconomical compared
‘5 to the cost of material used in alternate construction
™ techniques such as anchored walls [l1]. This is an engineering
decision. The supplementary data list contains the necessary
= data to calculate the bending moments in the wall. Figure
3.16 provides an insight into the section moduli required

to resist loads imposed under three cases.
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7' = 65Ib/t3 v= 120 Ib/ft?

Case A Case B Case C
. ¢ =30° or 35° ¢ =30°or 35° ¢ =500, 1000 or 1500 Ib/ft?
K Dry soil throughout Undisturbed clay throughout

q is surcharge in Ib/ft?

Values of t/H 3

Case| ¢=30° 1.0
A o =35° 1.0
Case| ©=30° 1.35
B o=35° 115
= ¢ =500 Ib/ft? .
Case
- < ¢ lc=r1000wie] 10
. ¢ = 1500 Ib/fe?| 1.0
] */H=15whenH=15"
.‘ N =23 whenH=95"
b ':"
L '-.
j ,
o 10 20 30 40
S Section modulus, in? per foot run of wall
. (Based on stecl with min. yield of 360001b/in?)
L
)
h
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b Figure 3.16. Cantilevered Walls ([5].
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3.5 Program List e
S SPEED= 154 @
g PRINT ¢ FEEFRELEERN R
11 PRINT * *CAMTHALL +" {:
12 PRINT " FEEEEEFRTFE! -3
13 PRINT : PRINT : PRINT -
.28 PRINT " DANA K. EDDY" -
22 PRINT " GA. INSTITUTE OF TECHMOLOGY" '
<4 PRINT " SCHOOL OF CIVIL ENGIMEERIMGY I?.
26  PRINT “ DEPARTMEMT OF GEOTECHHICAL ENGIMEERIMG" .o
I8 PRINT : PRIMT : PRINT St
33 PRINT " SYSTEM HAROWARE: APPLE II PLUS < E4K D ol
35 PRINT " SYSTEM SOFTHRARE: D0S 3.3, APPLESOFT BRSIC LANGURGE® i
37  PRINT " PROGRAM DRTE: MAY, 1933 "
43 PRIMT : PRINT : PRIMT : PRINT
4¢3 PRINT " CANTHALL ESTIMATES THE EMBEDMEMT CEPTH F A CAMTILEUERED HALL.
THE FREE ERRTH SUPPORT METHOD IS USED. THE WALL IS ASSUMED RIGIO. "
28 PRINT : PRINT : PRINMT : PRIMT : PRIMT : FRINT
53 SPEED= 2SS ¥
478 PRIMT “HOW MAMY PROBLEM SETS D0 YOU MWANT TO RUp7" . o
438 INPUT 2 o
+35 DIM R332 DIM B33 ;
426 DIM C{82): DIM D822 . -
433 FOR R =1 TO @ -
431 PRINT : PRINT =
433 A0 = 9 o
339 PRINT “WHAT IS THE HET MWEIGHT OF S0IL #17 CPCFan
S1a INPUT 51
S11  PRIHNT : PRINT
329 PRINT "HHAT 1S THE SATURATED WEIGHT OF SDIL #17? (PCOFav .
5323 INPUT 52 e
231 PRINT : PRINT -
53 PRINT "WHAT I3 THE COHESIOM OF SOIL #17 ¢ PSFa"
$33  INPUT 1 -
333 PRINT : PRINT T
342 PRINT “HHAT I3 THE ANWGLE OF IMTERMAL FRICTION FOR SCQIL #17 ©DEGRESS W -
_ @
Sa45 IMPUT AL o3
47 PRINT : PRINWT ’ e
S50 PRINT "WHAT I3 THE FRICTION RHSLE BETHEEMN THE MALL AHD SOIL #17 « OEGR 4§~
EES »" A
E4 0 INFUT B o
=SS PRINT : PRINT ‘@
952 FRINT "WHAT I3 THE WET WEIGHT OF SOIL #27 (FOF P
S5 IHPUT 533 '

.........

-----------
..............
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8632 PRINT : PRINT .-
358 PRINT "WHAT IS THE SATURATED HEIGHT OF SQIL #27 (PCFH"
578 INPUT 54
271 PRINT : PRINT )
e PRIMT "HWHAT IS THE COHESIOM OF SOIL #27 (PSF v o
572  INPUT C2 _
573 PRINT : PRINT o
%32 PRINT "HHRT I3 THE RANGLE QF IMTERMAL FRICTIOM FOR SOIL #27 (DEGREESD "
25 INPUT A2
S27  PRINT : PRINT
538 PRINT "HHAT IS THE FRICTIOW AMGLE FOR THE HWALL RAMD SOIL #27 (DEGREES
335  IMNPUT B2
536 PRINT : PRINT
8089 PRINT “WHAT IS THE HEISHT OF THE HRLLY (FEET»"
=85S INPUT 22
a5 PRINT : PRINT
£19 PRINT "WHAT IS THE DEPTH OF THE GROUMD WRTER THELE? (FEET»“
515 INPUT 23
2156 PRINT : PRINT
£28 PRINT "WHAT IS THE TOLERAMCE FOR GEPTH CALCULATION (PERCENT, RECD .1
- = L.B1OF"
625  INPUT TL
BE26 FPRINT : PRINT
E38  PRINT “"WHAT IS5 THE SAFETY FACTOR"
535 IMPUT SF
B35 PRINT : PRINT
f4B PRINT 00 YOU HANT TENMSION CRACKS HITH HATER PRESSURE T BE CONZIDERE
O IN SOIL #17 (YES OR MO
£45  INPUT RAfed = RIC CAs$H: IF ¥ < 24 50TD 871
Ede IF ¥ < 84 GOTOD B71
47  PRINT ¢ PRINT
B8 Z7 = 2 # 1 ~ 51
55 IF 2F < 23 507D 8685
el 27 = 22
66S  IF 27 < 22 30TO 671
578 27V = 22
ET1  PRIMT ¢ PRINT : PRINT "O0 YOU HAHT TO USE AWM EQUIVALENT RCTIUE FORCE
IM SOIL #17 CYES OR MDO“
Ve IMPUT C3:H = RSC (28D
BT2 FPRINT : PRINT
EYS  PRINT "O2 YOU HAHMT TO INPUT THE COEFFICIEHTZS OF ERRTH PRESSURE i YWES
OF HRUE THEM CALCULATED FOR YO RO 7"
fZa IMPUT BE:x = RASC (B$re IF ¥ < 24 3QTO 723
21 IF = < 24 50TO 7295
G322 PRIMT : PRINT : PRINT
ESS  PRIMT "WHRT IS K RCTIVE FOR SOIL #1777
e3d IMPUT K1
31 PRIMNT
T s T . ’ﬁs;.gf,;“,y.,égﬁ}ﬁflx ---------------- N T T e e e e e e
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5 595 PRINY "WHAT IS K PASSIVE FOR SOIL #27"
- 708 INPUT KZ
o 731+ PRINT
FOS  PRINT "WHAT IS K ACTIVE FOR SOIL #27"
- TIB  INPUT K3
715 30TO 744 _
725 RA = ,01745 S
- T3 K1 = ¢ SIN (1.57L + AL * RAY) ~ 2 » SIH (1.571 = BL # RAY ~ 01 + ¢ Sk
S _ ¢CAL + Bl * RA> * SIN (Al * RA> » SIN (1.571 - Bl % RADY ~ .50 -

A - 733 K2 =« SIN (1,571 - R2 # RAY> ~ 2 v SIH C1.571 + B2 # RAY ~ 1 - 0 =
: (A2 + B2) #* RA» * SIN (A2 #* FRRY ~» SIH C1.571 - B2 #« RAX» ~ .S+ ~

Sl TR K3 = ( SIN (1.571 + A2 # RAIY ~ 2 » 5IM (1.571 - B2 % RAY ~ 1 + ¢ &I
NI CCAZ + B2) * RAY * SIN <A2 % RAY ~» SIM (1.571 - B2 % FAD) ~ .S = &

5] 744 G5 = B2.4
745 PRINT : PRINT

.

< TIE IF 23 > 22 GOTO 747:28 = 2 * C1 # KL ~ .5 % 22 # €0l * 23 + (B2 — &S
A Y % (22 - 23y ¥ Kid: IF 28 < 22 GOTO 7S5@: SOTO 742

o 4T 23 = 2 # 01 4 (Bl % K1 ~ .53 IF 28 < Z2 G0OTO 7a@

747
_ 748 PRINT “SOIL #1 IS IN TENSION, REEVALUATE THE COHESION OF SOIL #1 OR T
| HE HEIGHT OF THE WALL. TYPE (1> TO RESTART THE PROGRAH.
743 INPUT AB: GOTO 431 :
7B PRINT "“INPUT RSSUMED OEPTH OF WALL PENETRATION ¢(REFER To USERS T HAHUA °
T Lo '
o 7B INPUT Z1

- 763 PRINT : PRINT
[ ] B4 M= 1
S T Z4 = T2 % Z21: 50TO TV4
: vrl  PRINT ‘QSSUHED OEPTH MUST BE IMCRERSED": FRIMT : PRINT
~ rre RE = a: 50T0 7E5
Fvd Fl = B:F2 = 3:F3 = B:Fd = A:FS = B:F8 = B:F7 = B:F2 = G:F3 = J:72 = O
LA = 8:1LB = 3:LC = G:L0 = B:LE = 9:LF = 3:LG5 = @:LH = 9:L] = @:LJ = &
: Frea M =1
. rat IF 22 » 22 3373 933
-y Tl IF H < 34 3070 785
S VES FL = 0Bl # 23 4 062 - 380 2 022 - Z30x o x KL - 2 2 D1 o+ kL S+ L322
g o -2#%C1 $KlL ~ .5 % 22/ 051 # 23+ (62 - 55+ eI2 - 3300 bl o
T TR bUTD SES
~ol TS FL =51 % 23 42 % KL~ 2
D TIAFE =51 +» 23 2 KL (22 - 230
fﬁ VAT FZ = 061 % 23 4+ B2 - B30 ¥ (o2 = I3 - G0 % 23 2 KL o+ 22 - 200 &
- SR Fd = - 2 # C1 = KL ~ .9 « 22
¢ A% FS = 3% % (22 - 232~ 2 /2
- 310 FE = G5 « 27 ~ 2 ~ 2
) 1S5 FA = F1 + F2 + F2 + F4 + F5 + Fe
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g16 IF FR > 8 G0TO 84S

AT P TN
L, l"'.' L

: 217 PRINT "#% WARMING #* THE NET ACTIVE FORCE ABAINST THE WALL IM SOI 73
v L #1 IS NESATIVE." -]
4 312, PRINT : PRINT | ) )

: 8193 PRINT "TO RESTART THE PROSRAM TYPE C13; TO EAERCISE SOIL #1 ACTIUE OF

TIONS TYPE (2»."

' | BN
Py b A

IF N =1 6GOTO 923
IFTL » = MBS

G
=
Do)

- 29 INPUT RA: IF AR = 1 S0TO 491: 50TO 636
“ 821 BGOTO 6326 '
245 2 = 21
- 850 GUOSUB &2a6
- 295 2 = 24
350 GOSUB 6149
i 365 P1 = PL
- 265 GOSUB 5896
: 357 IF AD = 1 50T 491
578 2 = 0
. aA7S  G0SUB 5199
& 323 P2 = PL
335 50SUB 4099
836 IF AZ = | GOTO 771
387 IF M = 1 GOTO 394
B33 IF TL > = ABS (1908 % (24 - CCMY) ~ 247 GOTO =95
294 M = M + 1
295 B30T0 555
A 296 IF W < 34 GOTO 3656
2397¥ LA = 25 + 22 ~ 3
833 G0TO 917
W3 LA =25 + 22 -2 %23 - 3
919 LB = 25 + (22 - 23y~ 2
- MSLC =25 + (22 -23) / 3
- HE LD =325 + 22 - 2
M7 LE =35 + (22 - 233 ~ 3
MBS LF =35 +72-2%27 -3
5 BOSUB So0a
5
3
3

b g % QO

\':._; o P e

(1R + (21 - ACMYY ~ 21 GOTO

)

Mo=H+1

X 225 BOTO 779
3 92 IF I3 > 22 o+ Z1 G0OTO 2331
. 931 IF W < 24 60TO 935
: F3I2F1 = (22 *# 51 » K1 = 2 # 21 # K1l ~ .S = 22 = 2 %001 « 031 = K1 -~ .5
bl
) 133 BOTO 245
N AT FL = 6L o+ 22 ~ 2 = KL~ 2
S MG F2 = - 2 # 01 % KL ~ 5 % 22
) 45 FZ = 55 = I7 -~ 2 - 2
. 2539 FR = F1 + F2 + FZ
« 351 IF FR » @ GOTO 38S
~ 352 PRINT "*« MARMIMG =% THE MET RCTIVE FORCE AGRIMST THE HRLL TH =l -
S L #1 I3 HEGATIVE."

. .
- - .
PP PP it Dt Do B 3
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PRINT : PRINT

)
PRINT " TO REQTQRT THE PROGRAM TYPE (1); TD EXERCISE SOIL #! HCTIVE O
PTIONS TYPE v 2),

ARG
N

=4
. 335 INPUT AB: IF AR = 1 GOTO 491: 50TO 535
E 336, GOTO 638
385 IF 24 < = 23 - 22 6OTO 2819
9ve 2 = 21
- 375 B305UB 5498
- 9838 2 = 74
335 G0SUB B399
\ 998 P1 = FL
- 331 305U8 5398
932 IF RD = 1 GOTO 431
35 25 2l - (PR % (24 - 713 ~ (P1L - PR3
1003 2 <3 - 22

(3as &
1819 P3
1819 2 =
gé ibea GOSUB 5739
1925 P2 = PL
. 18323 IF P2 > & 50TD 1129

O3UE 5320
= FL

o 1935 F4 = P2 % (23 - Z2)
E 1949 FS = (P3 - P23 % (23 - 223 ~ 2
. 1445 F8 = <Pl - P3) = (24 - 23 + 22) 7 2
. 1930 F7 = P3 % (24 -~ 73 + 723
: 1835 F3 = Pl # 25 - 24) ~ 2
taeld F3 = PR % (21 ~ 25> ~ 2
1965 GOSUB Sagp
1956 IF AZ = | 50T 771
1oe?y IF M =1 G3JTO 1874
B 197 IF TL » = @RS ¢18a = CZ4 =~ CCMYY - 240 GOTO 1929
- 74 M =M + 1
i Lavs  &ATO 339
1829 LR =25 + 22 - 3
izl IF W o 24 507D 19Ss
1BesS LE = 5 + 22 2
1925 L0 = 29 + 22 - 2 %« 27 ~ 3
- 1637 LD = 295 - (23 ~ 22y ~ 2
- lazz LE = 25 - 2 % 23 - 229 3
3 1933 LF = 25 (23 - 22+ 2+ 24y 7 3
: 3 LG = 25 -~ 023 - Z2 + 242 - 3
i 1631 LH = & % (25 - 243 ~ 3
] a3 Ll = -2 #4021 - 25 ~ 3
1112 GOSUE 500
Liil IF H = 1 30TO 1113
- - Llid IF TL = ABS (188 « <31 - HOH DD o 21 GOTO Za6)
:: I11Z2 M = H + 1
SR LIS [QTd 774
Qe bl JB = 022 - 220 « P2~ (P2 P20

1122 IF 28 » (23 - 723 GOTo 1296

R RN
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1125 F4 ral = P

E 3

1133 FS
- 1135 Fs
o 11483 F?
) 1145 F2
- 115a F39

1155 GOsUB

1156 IF RAZ 60TD 771

1137 IF M = 1| GOTO 1154

(189 IF TL > = ABS (100 % (4 - (M7 -~ 247 BOTO 1173

(23 - 22 -2
- P3» % (24 -
(24 - 23 + 22
5 - 24y 2 2
1 -25) -2

D=l PO
-
”~

TUU~ AT

*
%

[
[
[l =]

+22 /3
: 1171 IF W > 54 GOTO 1173
1172 LB =25 + 22 » 2
1173 LC =25 +22 -2 # 27 + 3
1174 LD = 25 - 26 ~ 3
$ 1ITS LE = 25 - (28 + 2 # 23 = 2 # 223 ~ 3
1150 LF = 25 - 2 % (24 - 22 + 223 ~ 3
. 1185 L5 = 25 - (24 - 23 + 22) » 2
S 1199 LH = (2 % 25 + 24> ~ 3
: 1195 LI = - 2 # ¢21 - 25) ~ 3
K 1197 G0TO 2590
| 1208 F4 = PT * (23 - 22)
1205 FS = (P2 - P23 % (23 - 22 » &
1219 FE = PZ # (28 - 23 + 223 » 2
1215 F7 = P1 % €74 - 26> ~ 2
1229 F3 = P1 # (25 - 243 ~ 2
1225 F3 = PR % (21 - 25) ~ 2
= 1233 BOSUB S009
SN 1232 IF AZ = 1 60TQ 771
: 1235 IFTL > = RBS (188 # ¢4 - CCMI) -~ T4 50TO 1256

- 124G M = M + 1
S 1243 SOTO 339
a 1259 LA =795 + 22 ~ 3
eSS IF W > 24 E0TO 1285
L2ed L = 25 + 22 ~ 2
1263 LC =25 + 22 - 2 # 27 - 3
1279 LD = 25 - (23 - 223 ~ 2
- \ETS LE = 35 - (23 - 220 3
— 1229 LF = 25 + (2 # 22 - 2 %« 23 - 26 ~ 3
2SS L5 =25 - 2 % ¢24 - 28 3
. 1299 LH = 2 # (25 - 24> ~ 2
. 1295 LI = -2« 0271 - 25y ~ 3
- 17260 2JSUB S008
1285 IF d = 1 307D 1315
1218 IF TL » = AB3 (1@d = ¢Z1 - M2y - 210 GOTO 3080
. — 1215 H = H + |
= L3Ia BOTO TTE
- 2a0n  BSUB SEad
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2031 IF N = 1 G0TO 2003
82 IF TL » = MABS ¢199 % (21 - ACHY)Y ~ 213 B30T0 3900
_ 292 M = N + 1
-: 2995 30TO 779
) 2615 2 = 21
2915  BOSUB B499
- 2920 2 = Z4
: 2925 GOSUB 5708
2830 P1 = PL
- 2531  30SUB 5309
. 2832 IF AD = 1 GOTO 431

[
s
|

2335 &2 =98
234 GOSUB BYBO

2045 P2 = PL

2a5@ G6OSUB 4880

2851 IF RZ = 1 GOTO 771

2852 IF M =1 GOTO 2958
P 2853 IF TL » = AB3 (199 % {24 - CT(M>» ~» 24 GOTD 26

2059 M =H + 1

2883  GITO0 2829

2UES LA = 25 +

2oee IF W > 2

g LB =235 + 22

S LC =25 +
3 GOSUB BRG9
(3

(X
fa]
T3
on

OoQn (0 =)

IF N = 1 5OTO 2033

IF TL » = @B3 {163 = (Z1 - AN ~ Z1) 50TO 3099

; H=H+ 1

GITO 77

IF W < 34 50T 2339

Q332 Fl =022 # 51 # Kl = 2 % 01 ® K1 ~ T % 0J2 - 2 % C1 » 031 » ¥1
3 L2

FITO 2345

BRI l:-.'n

=
<
=2
-
ed
2
<

b
[
-
<
-

()]

Fl =Gl # Z2 ~ 2 # K1 ~ 2

Fg = =2 %01 Kl ~ .9 % 22
F2 =25 = 2F ~ 2 ~ 2

FA = F1 + F2 + F3

IF FR » & GOTD 2385
PRINT "#% HARMIMNG ** THE HMET RKCTIUE FORCE AGHINST THE MRLL IH =0
IL #1 IS MEGHRTIUE.®
2353 FRIMT : FRINT
254 PRINT "TO RESTART THE FROGRAM TYPE <1 :; TO EXERCISE S0OIL #1 ACTIVE O
PTIONS TYFR 2"

IMNFUT RAZ: IF AC = 1 2070 491 S0T0
GDTD e

AR 2 i P
P

@
o
XY

i

I
T

-—
o

AL BRI NINAD 4
« 4. A L

= Z1
SISUE R

= 24
ROSIIE ESan
1 = PL

VR Y S .Y W
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RO IS LY Y )
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il Led o,
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For = 00 AT 0 0 (0
) %

N N

. el
D

=
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2121

1]
H
i

3 L$ =

IF M =1 GOTO 2414
IF TL > =
M=HM+1
T 2375
LA=25+ 322 -~ 3
IF H > 34 GOTD 2438
LB =25+ 322 ~ 2
LC =25 + 22 -2
50SUB cwvdg
IF N=1 GOTO 2443
IFTL > =

TH =N+ 1

BOTO 779
CHR$ (432 PRINT LF;"PR#1"
"rexerrdtdesxts PRINT "*xscexsrexs”
PRINT "INPUT DRTA"
PRINT “###xxsex4%": PRINT
FRIMNT : PRINT
FRIMT "WET UMIT HEIGHT.,
PRINT
PRINT
PRINT
FRINT
FRINT
FRINT
PRINT
PRINT
PRINT
PRINT
FRINT
FRINT
FRINT
PRINWT
FRINT
PRINT
FRINT
FRINT
FRINT
FRIMT
FRINT
FRINT
FRINT
FRINT

PRINT
Hergxrgtxrre!
SOIL #1 ="31" PCF."

"SATURATED UNIT HEIGHT, S0IL #1 ="Ga" PCF."

"COHESION, SOIL #1 ="C1" PIF."

"AMGLE OF IMTERMAL FRICTION, SOIL #1 ="AL"
"FRICTION RNGLE, 30IL #1 ="Bl" OEGREES."

"HET UMIT HEIGHT, 30IL #2 ="G3" PCF."

“SATURATED UMIT HEIGHT, S0IL #& ="G4" PCF.Y

YCOHESION, SOIL #2 ="C2" PEF."

"AMGLE OF IMTERMAL FRICTIOM, SOIL #2 ="HZ2"
"FRICTION AHGLE, S0IL #2 ="B2" DEGREES."
"HWALL HEIGHT ="ZZ" FEET."
" GROUMO WATER DEPTH ="Z22% FEET.®

"ALTIVE kK, SOIL #1 ="kt

FBS (189 * (Z1 — AlHI) ~ £1) GOTO 3589

70
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23 GOSUB 6399
233F IF RO = 1 30TO 491
2333 2 =@
2335 E05UB 8508
2408 P2 = PL
24935 BISUB 4299
z4@5 IF RZ2 = 1 GOTO 771

ABS (188 * (24 — C(H3) »~ 242 BOTO 2428

DEGREES. "

DEGREE=. "

~@
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3134 FRINT J
3135 PRINT “PRSSIVE K, SOIL #2 ="K2 .
I135  PRINT X
3137 PRINT "ACTIVE K, S0IL #2 ="K3 b
I133° PRINT
Z148  PRINT "TOLERAMCE ="TL" PERCENT."
3141 PRINT
3159 PRINT "SHFETY FRACTOR ="SF"."
2151 FRINT : PRINT

3152 PRINT "s#sxxxxxrsxs": PRINT "##sxsrssrzs"
21e@  PRINT "OUTPUT DRATR"

Z1El PRINT "sexf»53xx7%": PRINT "“"dexexrressxs!
3182 PRINT : FRINT ]

I1ES 22 21 % 148

J1e8 22 INT (220

187 &2 22~ 1oB

2179  PRINT "REQUIRED WALL PENETRATIOM ="ZZ" FEET."
3171 PRINT : PFRINT

138 PRINT L$;"PR#A"

21m3  PRINT : PRINT : FRINT "DO YDU WANT SUPPLEMENTARY DRTHTY
3208 INPUT C$:X = ASC (C$d: IF K < 34 30TO 3529
3219 L$ = CHR$ (45 PRIMT L$;:"PR#1"

3213 PRINT

213 PRINT "##e¥£Xs¥ss¥eieeses"

32z  PRINT "SUPPLEMENTARY DRTA"

3221 PRINT Ma#assdiiisxsirsiiss!

3222 PRINT : PRINT

2223 PRINWNT "Z21 ="Z1" FEET."

32383 PRIMT "Z4 ="Z4" FEET."

Ie$d PRINT 25 ="Z5" FEET."

3259 PRINT "2E ="Z8" FEET."

22880 PRINT “Z27 ="Z2P" FT."

3273 PRINT "PL ="P1" PSF."

23 PRINT "“pP2 ="P2" PSF."

2299 PRINT "P3 ="P3" PSF."

2308 PRINT "P4 ="P4" PSF."
.- 29 PRINT "PR ="PR" PSF."
. j 2413 PRINT "F1 ="F1i"#. "L,'LH ="LAR"FT."
: - 318 PRI“T "F2 =NEZU#, "OULE ="LE"FT."
3 I415  PRINT "F3 ="F3Z"#4, "LULT ="LIDYFTL"
[ 24z PRINT “Fd4 ="F4"#, “LULDO ="LD"FT."
by — 2425 FPRINT “FS ="FS"#, “L,ULE ="LE"FT."
F- 2473 FRINT "F& ="FE"#, “LSULF ="LF"FT."
f . THES O PRINT "F7 ="F7"#, "LULG ="LIBYFT,
- 440 PRIMT "F2 ="F3"#, "OVLH =ULH"FT."
ﬁ 2949 FRINT "F3 ="F3"#, ULULT ="LIVYFT."
3 2450 PRINT "Fa ="Fa's, LML =tLIMFTLY
P 4R PRINT "FT ="FT"#&, "LUHMT =UMTUFT-#,"
9 IS0 PRINT LE;"FR#OY
& TSRS mOME
g
2
’.
.

-

R A AP IO AP I APV PR AT v GV PEPR WS PL PSS V. VO S PRI SV S P - PRV




2519
35268

- -
:--.u:’l_

—— - -
TE T

SO

823 END
a3y IS = 7
4985 IF P2
4319 F7 = P2
d31S F3 = (P
40238 F3 o= Pt
4325 FO = PR
4025 L3 = 25
4327 LH = 25
40223 LI = 2
423 Ll = -
J0ZEE BOSIHE
4325 RETURM
4849 5 = -
4a4S F7 = F2
058 F3 o= Py
355 F3 = Py
430} F9 = PR
4351 L5 = 25
asz LH = 25
S LI = 2
4354 Lo o= -
4RES  GOSUE
+78 RETURHM
o008 FT = Fi
SEES CiMy =
o1 DiMa =
Sa1ls IF M
Stz IF O0M
SRZ5 24 = 24
2933 RETURM
Sedn 24 = 24
2953 RETUSRM
US55 24 = Qo
SBss IF 24
RED /B = 1
SRS RETURM
vy MT =

T T n
T
N o—

Ea
i

v
- v
P O X I

s
LA

T T
- T‘l .7

B AR

)i
it

-
!

MEXT R

PRINT “THAMK w0U FOR USING CANTHALL."

PRINT
PRIMNT

FRINT
HiHy =
BiHY =

IF N

[F Bt
2L = 21

FETLURH

n BI?]E_BIHE n

- (PR # (24 = 213 ~
> =08 G0TO 4346

* 24

- P25 = 24 -~
* (28 - 240
* 721 - 25> ~
- 24 - 2
-2 % 24 -

* (Z5 - Z4)

—

fX o M)

]
2 %02 s 3
S
F2 = 24 ~ (Pl - P2
= 2B s 2
(24 - 2By 2
*# (25 - 24y £ 2
= (ZJ1 - 2%~ 2
- :6 -~ ‘3
-2 23+ 280 2 3
« (295 - 245 2
2 %421 -253 - 3
S
+ F2 + F2 + F4 + F5
24
FT
= 2 670 Sass
T4 R 30Ta 9844
+ 2

Ho= 17 - QK
21 THEHN

- 12 %
SEES

< =

FI # LR + F2 = LB + F3 = LC
LG + F2 # LH + F3 = LI + Fa = LJ

"I AM COMPUTIMG, PLE
Z1

MT

= 2 6O0TO BasSsS
Toaa EdTO BR4n
+ 2

72

(Pl - PRJ:

+ F& + F7 + Fz

COCHY = (W = Lo » (DiHY = Dol - 1o

+ Fd = LD + FS % LE + F& = LF

RSE BE PATIEWT.": FRINT : FRINT
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X}

2l =21 - &

RETURH

Sl = ACH = 1y = BiM - 13 = CACHY = AiH - 100 2 CBIM2 = B — L0
FRETLRH

JOT o T
W W
o (0

e
o= n oo

DAL

. U = e i rmd e oa = - - - - _ . o
' FL PRNEL GBI % 2 % K2 + 2 » 02 % LS+ RS o« I SE + O 0a
= w T ] . L. ey - - - .. B - P -
P2 * 2 % K2 + (31 = 22 4+ L3532 — (357 % - T30y % K2 4+ 35 + (T2 = O
- e T
+ 20 - 2 0 L2 o+ EX ]

FETURH

T
Fo) =

,..
DA
(A}

|
Ll

T 1T
(]
|

0] R
)

$N
!
j—a
-l

a

MU
-
o

T
oy

o
Lt
Dot}
(U}

PR

T

X\

(SN
i)

m

oL
=

T

15

DY

~ 0
LIS N

R ; 3l o+ 22 ; b2
ETIRH

f
-

"
d

. 303 R
) EEED PR o= L33+ T & (I Lo+l o2 Z2 o EZO SF + 2 o= L2 -
] KZ So- 33 o
sEaS RETURH
o FLo= o - ORI o I D02 s EZ o LS - SF + 63 +« T o+ w3 o= I o« L2
EZ o~ 5 + 131 =
FETIRM
IF FL < & QaTa
FRIMT : FPRINT
FRINT "x*x HARHIMG == COHFUTED MWARLL IHSTABILITY ¢SEE LSERS HamiaHi

FRINT ¢ FRINT
FRIMNT "T2 RESTRRT THE FROGRAH TYFE <L »: TO EMO THE FPROIGRAM TYFE -0
IHFUT AalD: IF RD = | GOTo
EHD
"RETUR

B ‘. .1-".
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C0
3.6 Variable List (CANTWALL 1) "f
o
| Input -
Q = # of runs -ﬁf
Gl = Wet weight, soil #1 ??
- G2 = saturated weight, soil #2 ?’i
. Cl = Cohesion, soil #1 -ﬁ?
o Al = Phi angle, soil #1 ___j
N Bl = Delta angle, soil #1 Tf?
G3 = Wet weight, soil #2 o
N G4 = Saturated weight, soil #2
v C2 = Cohesion, soil #2
- A2 = Phi angle, soil #2
B2 = Delta angle, soil #2
.- Z2 = Wall height
Z3 = Depth to GWT
TL = Tolerance
d
> SF = safety factor
. Kl = Active earth pressure coefficient, soil #1
- K2 = Passive earth pressure coefficient, soil #2
B K3 = Active earth pressure coefficient, soil #2
Flow Control
__ AZ = Z4 > 21
X = Question input ;%
W = Equivalent active force in soil #1 :é
. -
»: 1
i.i'f:.§




--------

&

Restart or end program

2

Restart or end program

AC = Restart or end program

AD = Restart or end program
Counters

R = Run number

N = Moment iterations

M = Force iterations
Miscellaneous

Z1 = Wall penetration depth

24 = Pressure depth in soil #2
25 = Pressure depth in soil #2
26 = Pressure depth in soil #2
27 = Tension crack depth in soil #1
Z8 = Tension depth in soil #1
Z = Depth

G5 = Unit weight of water, 62.4 pcf
F1-F0 = Forces

LA-LJ = Lever arms

FA = I forces in soil #1

FT = ¢ forces, total

MT = I moments

c(M) = 24

D(M) = FT

A(N) =21

75
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B (N)
P1-P3
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MT
Soil pressures, soil #2

Soil pressure, soil #2
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3.7 Problem Verification

77 ‘
3.7.1 Problem #1

- HOM MRy PROBLEM SETS DO YOU WANT TO RUN?
T3
kS HHAT IS THE WET HEIGHT OF SOIL #17 (PCF>
SN 7119
- .
HHAT IS THE SATURATED WEIGHT QF SOIL #17 C(PCFD
) T122.4
__ HHAT IS5 THE COHESIOM OF 30IL #17 <PSF>
728
WHRT IS THE RAMNGLE OF INTERNAL FRICTION FOR 30IL #17 (DEGREES
s
2
HHAT IS THE FRICTIOM ANGLE BETHEEM THE WALL AND =S0IL #17 (DEGREES?
T8
HHAT IS THE WET WEIGHT OF SOIL #27 (PCF)
‘ 114
HHAT IS THE SATURATED HEIGHT OF S0IL #2F (FLCF2
T122.4
n v
WART IS5 THE COHESION OF SOIL #27 (P5FO
TR
HWHRAT IS THE FANGLE OF IMTERMAL FRICTIOM FOR 3S0OIL #27 CDEGREES
WHAT 15 THE FRICTION AMGLE FOR THE HWALL AND SOIL #27 CDEGREES?
- 15
.
. HART IS .THE HEIGHT OF THE WALLY (FEET»
N T
. MHAT I3 THE OEPTH OF THE GROUMD WRATER TRBLET (FEET:
T1a
o
&




: 78 e
R
HHAT IS THE TOLERANCE FOR OEPTH CALCULATION (PERCENT, REC’D .1 - .@107 LA
WHAT 13 THE SAFETY FACTOR o
71 ' b
)
- OO WO WANT TEWSION CRACKS WITH WATER PRESSURE TO EE CONSIDERED IH SOIL #17 SYES. 4
P OR NOY B2
H -]
00 YO HENT TO USE AN EQUIUALENT ACTIVE FORZE IH SOIL #1F (YES OR MO wpi
*H ) S
' DO WO WANT TO INPUT THE COEFFICIEMTS OF ERRTH PRESSURE (YES» OR HAUE THEH ancu3;§
- LATED FOR ¥OU (NO)7 S
- IHFUT ASSUMED DEPTH OF HALL PEMETRATION (REFER TO LISERS” MAMUAL J. fk
s 7103 .
ll I A COMPUTIMNG, FLEASE BE PATIENT. .
?i I AH COMPUTING, FLEASE EE PATIENT. -
" [ A COMPUTING, PLEASE BE FATIENT. -
o I AM COMPUTINMG, PLEASE EE PATIENMT. ?,w
I AM COMPUTIMG, PLEASE BE PATIENT. -
I AH COMPUTIMG, FLEASE EE PRTIENT. ':}
e . 0
I AM COMPUTING, PLEAZE GE PRTIENWT. :
I AM COMFUTING, PLEAZE EE FATIENMT. -
. =0
v’ s
-
b "
)

k‘_’LA.

PP D T P8 Y Crwws




L

I AM COMPUTING, PLERSE BE PRTIENT.
I AM COMPUTING, PLEARSE BE PATIENT.
I AN CDQPUTING, PLERSE BE PATIENT.
I AM COMPUTING, PLERSE BE PRTIENMT.
I AM COMPUTIMG, PLERSE BE PRTIENT.

I AM COMPUTIMG, PLERSE EBE PRTIEHT.

INFUT DRTA

HET UNIT HEIGHT, 30IL #1 =118 PCF.
SATURATED UNIT WEIGHT, SOIL #1 =122.4 PCF.
COMESION, SDIL #1 =280 PSF.
ANGLE OF INTERMAL FRICTION. SOIL #1 =39 DESREES.
FRICTION ANGLE, SOIL #1 =15 DEGREES.
MET UNIT WEIGHT. SOIL #2 =110 PCF.

SATURATED UNIT WEIGHT, SOIL #2 =122.4 PCF.
COHESION, SOIL #2 =660 PSF.

AMGLE OF INTERNAL FRICTION, SOIL #2 =39 DEGREES
FRICTION ANGLE, SOIL #2 =15 DEGREES.

WALL HEIGHT =20 FEET.

SROUND WATER DEPTH =18 FEET.

RCTIVE K, S0IL #1 =.3014083673

. . . - .- .. - B, G
PR I R ST UV S R N v L et L PRI P PR PP
FERITIRY T TGP SOpR o] DI g TP g )




Com st iua 2

T

TTTTPWRTV X ¥ VX VY

PASSIVE K., SOIL #2 =4.97543393

ACTIVE K, SOIL #2
TOLERANCE =.85 PERCEMNT.
SHFETY FRCTOR =1.

HEEEEXEEEES
FEECEXEXRES
OUTPUT DATAH
FREEXREXERN
EEREREERREER

=,381433678

00 YOU HWANT SUPPLEMENTRRY DRTA?

B

: SUPPLEMENTARRY ORTH

TEXERREXRERLEFRLTCERER

21
- 24
) <5
B

—
=
[ o

e F1
P2
P3
P4
FR
F1
F2
F3
F4
FS
Fi

-
;
1

-, F3
L Fo
FT

hni
£ AR

nu
[

M
...|

-3
-2

=3
=0

.21371744 FEET.
. 33787472 FEET.
. 23195843 FEET.

FEET.

EZﬁ B7S7a PSF.

199.1145 PSF.
PSFE
PVF.

=13888.9615 PSF.

=1857, 728232#%.
=3315.44046#.
=934, 2118354,
-4332.013514#,
LB#.

DO |
u.l#r-‘

|

(Bﬁ B82499#%,
7246 Z33H,
=-333. 3152334,
=5314.37162#.

=-1.71681377E-A5#.

LA
LB
LC
LD
LE
LF
Lz
LH
I
LJ
MT

— =] 0 -

REQUIRED WALL PEMETRATION =5.21 FEET.

--3JQ*1 hFT.
4.2319584FT.
2.23342107FT.
. SBT24135FT.
. 15R53313VFT.

— {0 N -4

—.854843?4?FT.
-1.82372V1EFT—#.
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=0
X % 77AN /ﬁ
g | 10 oL ¥4 Yy=1noreer , ¥, =122.49 Per
. 200 _ \ 4 ¢ *200psF, = 30", J=15"
#=
AN N
- SoiL*2 .= 10pPcE | Y = 122.9 PeF
- c =LOOPSF , g=30°,d =15°
) S Sw* (e r &)
. Siv 2k Sin (oc -‘5)[( +/Sw (Y sw (8-8) | =
Sw (o 4) S (2 +2)
c = Sw=(90°r30°)
- S (G0) sw (90-15)[1 + /Sw(30ris) Siw (30-0) | %
e Sim (40-15) Sw (qoro)
) B - = .,3014 ~
k 2 - glk\"éo‘ - ¢l
7 Siv K Sia (o’\ 1-4)[\ -/.Sw(qu;) S (F+73) =
- St (=+§) Sin (o +3) !
: - Sin? (40 ‘30) _
<2 (80) <IN (7or/5)ﬁ_/ S (30-1S) Sim (30 70)
S (9o+1s) Sin (0 +0) \‘
| = 4.974

.y ko= kL = 304




CRACAE AR A9 A T & A2 il Tl tadl ol i e Srte 8 4 AN e AV et T Lassa sien o Y " ~—— - Sl l

N < . Ty . T T v
ANANARA S AR AL AR & S S ) S T T R R L T T T T T T T T T Pl v ¥ v
R . et e Y B e e e T T T TR R TR T

+
REFER To FILURE (=) v
.,: Fi=Ra ¥ (ewr)%/2 = 3014 (110pcr) (10)Y/2 = 1b57.7%
FZ,= Ra ¥ (6wT)(H-twT)=.3014 (110) (107)(20"10) = 33154 =
- F3< ko ¥ (H-6wr)?/2 7,304 (122.9-¢2.2) (20-15")%/,
| ~ 9p4.0 *
F4 = ~2 ¢ R H= ~2 (200 pse )V 3004 (20') = ~435; 0%
FS = Yuo (#-6uwT)% = 2.4 (20710)%2 = 2120
¢

Cow\POS\TE_ P/ZESSU/ZE @ 2/ = 5.21 ' (5~F—‘ /.0)

4,0 ¢ P ol G 5_

..~ T]/m\ — r - — ——
. " Z-l' . T H H’}

4 O
#.0

NETIVE PASSIVE
" RioHT SiDE (Prssive)
Pr o ¥ () ks = (1224-424) 5.2 (4.974) < 1559.9 F -
Pe = 2¢ (i = A (s00psr) [qa74 = Zé7é-3:/5*—1\

P LT (§7) ~(H-0wr) (¥ T kg = (10°(122.4-62.4) + (20-15) (1130 27
= 2455.8 %/t
o = (21 (H-bwD)) Vo © (5'2"*20"/"'> 6z.4 =

Zp2 1303¢.0 Pl

LeFrr S/bE (ﬁCT/UE__>

Gp 2= Y (7)) b, = U22.4-02.4) (s.217) (3014) = ee o
e ® "o’lcfz = & (600) To01A T 458.8 4/

4o = "o 2 = 614 (s217) 2 =325 */eet

2-70_4 = Q398 *L/th
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PR= S+ Spu

= 13636.1 + 239.§ i?

= 3975.6 *JF? v 1

- ~ o]

ComposiTE Fressore @ 2: 24 <40’ 5

I 2\ B
A
l Ho < Z; Y e g H#o

PASSIVE ACTIVE

LEFT 3IDE (PnssIVE)
oy = =3 (29) by = (1224-42.4) (4.0) (4.974) = 153,
pe ® e pn =2 (600) {4574 =. 726743 %/re ™

(M
v

-— - = e ~t #
Po = "o B4 T 62,4 40 = TR4G. 5 Pee

274_C = “419.T7 Fesz

Riowr Sipe (Acrive)

2 ¥ (24) ke 7 (122.9-62.4) (4.0") 3014 = 72.79 /e -
~pe (1. ¢ &k (600) 014 = L5 gd.g T
.):awr(a*’%(ﬂ-awr) ()] ko

= [0 (60) * (zo'-/a') (Ho) = 572.4d F/rer

N

N

B

Puo = (24 r(#-60T)) Yuo = (4.0+ 20-10") 624 = 873 4 Fhet

Epr= 799,54 */ret
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Pl=Z 0, +» 2.

- 3320.2 */Fe™ v o:

- N
e

CompPo s\ TE PRESSyrRE @ £ =0

£=0 1
77K\ ? Vé— Cf
PASSIVE AT VE

LEFT SpE (Prssive)

. = "Zc 0:7 =" 2 (k00 /4979 = ~2¢74.3 T/m:
Liow#r SipE [Aar/ug)
Pe = "2c Ji. = ~2 (c,oo)/.SOM = —(58.8 Flee=

[owr (&) + (h‘-éwr) S Ka =

(lo(lzz.4-éz,4>*[za’—/o’)(uo)j,gold T Sl2.4 &/Ft"

7%

10 = (H-6wr) Yuo T (20'=10") 2.4 = 24 */re*

2o = 477.6 "=
K bR = =3V 274r' .‘i
= 2198.7 "la
e ol
) .Y
) R
;
R
o
o

- - .. N : = N . [ T . - . N B .
e et P P S - LM et - et . ST .
= LI T JRP U W W e 3 4 2 o 9 J-IA‘L‘-.:L"‘“._‘L“'L!“ PULE WAL Vo iR UM Y S W . SN W, S S -

|
|

;,
v
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REFER TO FILURE (=) .
CALCULATE Z5 ‘
X=X, _ X:X, X = PRESSURE>
Y-V, 7;7" = DEPTH -
0-(33202) _ 13%75.( -("3320.2) B
Z5- 4.0 s.21'- 4.0’
25 = 4.234' v .
CArcvenre F7-F &
F7=P2(24): -2148.7(4.0) = ~81949.4* : !
F8 > fo(PL-P2Y(2q) =V, (33202 -"2198.7) (4.0 = 2243.0%
Fa = /o Pt(as-24): i[-3320.2)(d.254-4.0) = ZFET 5

Fd=7.Pr(21-25)7 hlingrs &) (sia-4.259) = 527/,

3% . 2
=
ZE A :
ZF = FL+F2+ F3+F4d +F5 +FT7+ F&FQ+Fdp
- , —— - ] : = - <P ] .
= /657,72 F585d rFog.2 13720 - 2,00 :
-~ G765 € - 22430 -388. 5+ 677/ 3

= —49.7"% =~ © -

.,.
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LEVER nrwms (REFER 70 FIburs )

N For cE LEVER ArZmM

~

\
~
Q

Fl LA G ’/3(!0')+ 10'+4.23"
Fz 3 = /2010)+4.23"
, F3. Le = Y3 (160 +9.23°
S Fe LD = /2(20)+ 4.23
S F5 cE = /3(10) +4.23°
F1 L& =2 (4)+(4.23-4))
& F8 LH =5 (4)+ (4,23 -4)
Fo LT =2/3 (4.23-4)
Fg LT =% (5.21-9.23)

\Q -

N

I

" v

~

/.5¢'
. 153"
—.6853"

NN R
BARRS
\\\\\RY < ¢
N\

N T YA L

(* L3 1s NEGLATIWVE For Zm ‘53)

TRy

..

et

- . FOSM
-
g\.
— — ]

L

- sm A @ zz
- 2m = F1A)+ Fa(BYr F3(Lc) +Fa () +Fs (LE) -
= + F1(Lt) r Fa(Ln) +FA(LT) +F (L)
= /657.7(/7.59) +33,5.4 (5.2 3) 1 F09.C (7.56) :
- 9392.0(14.23) + 3120(7.5¢) - £194.8 (2.23)

~z22d3.0(1.5¢) - 388.5(.753) ~4771.3(-.653) g.s,

= 42.56 Fe-# =0 -~

(AN

REQUIRED DEPTH = 5.21 v

-
~ Rt
.

9 e
~—

A e
-’. . -,

.. ..‘ ‘.
| ] R
.. b

4 I.‘~I
'.'J-.
R
------- - L. DR Y - - N - - - - - . - - .
. LY R R O T o N T T L e T T R L e e A L CIRE TR N
) Ly 'A'.ﬁ..'.' ..-_,’:-,"..J:L“.' S T I P T N e Ny S P M T J'\I‘\- )
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3.7.2 Problem #2

v =
b .
) EREFEELLSSE

EREEEXEFRRE
IHPUT ORTH
FEXEEEXREE
EREREREEEE

HET UNIT WEIGHT. SQIL #1 =118 PCF.
SATURATED UNIT HWEIGHT, SOIL #1 =122.4 PLCF.
COHESION, SOIL #1 =9 PSF.
ANGLE OF IMTERMAL FRICTION, SOIL #1 =32 DEGREES.
FRICTION AMNSLE, SOIL #1 =14 DEGREES.
HET UMIT WEIGHT., SOIL #2 =180 PCF.
SATURATED UNIT HEIGHT, SOIL #2 =112.4 PCF.
COHESION. SOIL #2 =108 PSF.
ANSLE OF IWTERMAL FRICTIOH, S0IL #2 =22 DEGREES.
FRICTION AMSLE. S0IL #2 =1% DEGREES.
WALL HEIGHT =Z& FEET.
SROUMD WATER COEPTH =23 FEET.
ACTIVE K, SOIL #1 =,2380E464
PRSSIVE K, SOIL #2 =4.43311107
ACTIVE K, SOIL #2 =.3258d2067
TOLERAMCE =.685 PERCENT.

SHFETY FRCTOR =1,

N UL B R Y. . ERI T T IR L I P A TP U

P W et ete .- IR R .'.‘."."..A\.“. et 2 ta ot
_______________________ B I N N, SR ﬁ R AT S S O A S A
et T et e e ATt IL‘.L"L.{;.' A:'.:.(:J'l e Cad s .‘AA‘I.}A"Awm u'}‘.ﬁ..‘ ALY WY A Al e e AN A A s




. A

I

SN

.’
AL

L
>y

.

X7

e
.

...
PRUIR A

FEBEREEE
FHEEFEREEEES
OUTPUT DATA
R EEEEEEER
SEXEEXEFEREEER

FEQUIRED WALL PEMETRATION =5.15 FEET.

e e = T TR
SUFPLEMENTRRY ORTH

TEEELERLLELELLELLELES

Z1 =8.15013255 FEET.
24 =3.57645322 FEET.
25 =4.32224335 FEET.
I5 =@ FEET.

Z7 =@ FT.

Pl =-£047.23313 P3F.
P2 =-4653.82826 PSF.
F3 =-5307.2483 PSF.
P4 =@ PSF.

FR =17143.5573 PSF,
FlL o=E161.422834.

Fz =04,

F3 =ik,

F4 =-13373.42454.

FS =-1371. 136354,

FE =-d47. 55940974,

F7 =~3336.07207#,

F3 =-1352,2090344,

F3 =15635. 63544,

Fiy =,

FT =-4.577R3572E-05H,

. .'."'~ . “'.' -
O I R DI,

hnnu

fod [0 o =

D1 = e 1T

SO B SN

-

88




¢ F T,
el

89

Pl
‘T‘ TTRNN
X, NOPeF , X =122.9PcF
! &) J S
20 Soil *1 c =0, #=32°,4:14°
. d ——————
3’ v - a
T _ _ — X J‘U=IOOP<F) Yo = NT.4 pcr
C = 1000 PsF, f =z8° 4 =I5
Sorl #2
ke = .28
Ry = 4.4383
S = L3285 &

-f-
REFER To FI>URE “:__.‘_5

Fi = ¥, H¥/z2 k.

= IO pcE '(20')1/2— 28 = 6/1LO0F

T_ /AN

15

s

CompPosiITE PrESSURE @2 = 6.15°

¥

3y |

ho < J ¥ < § Ho
ACTIVE PAsSsSIvVE

RibHT Stz (PAsSIVE)

2 (Y )+ (Y ~4,0) (21-6wT) [ P
i =[(100- 3D+ (N2.4-62.4) 6. 15-3) ] <7}o.<}85

n




fﬁ =
c: '/'/;D =

LEFT

Pr

"‘n" .0'_ i

g

-

b Pe = 2 Kp

Zp

£ o, -

90

2 (10600) (4.433 =
#do b, = 20'(n0) (4.4453)-
Foo (21-6wT) = 2.4 (405-3) = 19L.54 *Jre
1634995 */ee>

4234 .62 #len

b )
-—

G8462.4L T FLT

Swpe  (nerive)

—E(Fu 6["”—) i (J‘f)‘y,a? (‘Zl- 6L\)T)] kq_,
“[(100:3)r(N2.9-42.9)(615-3)] . 315 =

2c fr. =
- y'ulu(al-bwr)—‘ ~62.4 (6.15-3) : l9¢.56 T,

7594.93 /e

~)48.45 %y -
Jl(iaoo) J.315 = /0. /8 -‘-“/,’.:t-_

PR = Z P, +2_/,_

17139.68 #/rer | v

4.,

Compros/Te PressuvzE @ 2#=24=3.07)"

/AN

) Jj

2493670

f}"»".

X

LT

//,_0 o5 a K\ C 8_

ft— W\ —p

- \

x>

Y/

PASSIVE AcrIVE

LEFT SIDE (PnsSIVE)

Py = "L (D -6wT) + (¥, -8, 0)(2 -007) ] K

~L000-3)+(50) (3.675-3)] 4482 = T /494 .47 F =0

R O N UL e A A L e N Y T U TN LA
. S e e T T T e e T e e N R S R SETCR TR ST A TR
I R o VPR STy _L..:.i.a*“;“"‘ RSPV VTV P T R TR YW YA SN W T R P T
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pe2e (k. = ~2(1000)(44¢3 = ~_9234.¢ “fer
. Puo = Ty (2-6wr) = "62.4 (3.67¢-3) = ~42.18 */ru~
£7, ¢ 75773.2 ¥/rer
- Rityr SpE_ (AT IVE)
- Vi a = [-(Xa, '6“7T)" U‘s‘é‘u o) (2'0N7>7’<a.
< > [(100-3) + (50) (3.670 -3)] 325 = /0§.98 “/m=
> Lo = —;zc/zj = -7 [/ooa) 375 = —/940.2 ’:’E/Fz:L
¢ Pr ° YH ke = r0(20) 325 : 7150 "lEr
g Ao = o (2-007): 9208 Fleer
Zp ¢ -274.54 #/re~
- Pl - 277/' * 2171_
| = 0047 74 /e -
- CompPos 1E PRESSURE @ &= AWT (3)
.. 1 /2\\)
‘ 3: , L) r‘_!
N ,l_ L h &
Ay c X b8 [ =
PASSIVE  NCTIVE
A
& LEFT S/pE (PASSIVE) ZQJ
Py =~ BWT) kp = - 100(3') 44953 = ~1344.5 ¥/p.=
P = "2c(ey = "&(1000)fadh3 = "4239.6 ¥ =
|
2,{,04 : ~5579.5 Y/
&
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21647 51D (AT vE)

2p b Yo (Gwn) oo = 100(3) 325 = 97.8 %fep2
e 2 "< (k.. = -2 (/000) 375 = ~/1/40.2 */ret

75 Yo B ko = //0(20').325 = 15,0 Ffep >

£ 0 = "327.67 “/Fe*

P3: é‘ft‘*éf.(
T -5907.L /e v

o —

ComPoes \TE PrESSure & Z2=0

i

PASSIVE AcTriVE

lerr -Sioe [B?SSN/E)

7 s ~2¢ [hy < -2(7000){7.9% 3

“4234.6 m'(/Ft z

Ri6Hr SiDE (Acqu)
7. “2¢ /ka "2{/doa>¢,325'
7% * ¥Yh ka =vo (20°) . 325

~1190.2 *Jep

7/5.0 “lar

Vi

2 7 = 4252 ¥/mn

PR

1\ ]
&N\
& D
Qi
VRN
& 3
N

r
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CaLevenre Fi-F9 (see Fréusze ) =5 = 4.22]

Fg= P2 (4wr) = -9bss.g (3) = 15299 % 4
FS= Jfo (P3-P2) (bur) =)o (-5507.2-"4459.8) (3) = ~1871.1%
FL = 1, (P1-P3) (24-0wr)* h (6047.4-"S5507.2) (7.0 72-3) = 92.9 % /
F1: P3 (24-6wT) = ~5907.2 (3.62¢-3) = -3993.3% /
F8 = Yy PI(25-24) = fo(-¢oq1.4) (4321 - 3.07L) = =1950.3%
Fg = thor(21-25)= fo(17135.68) (615 -9.521) = 15474.0%

—-—

u'-

2F -
2F= FI1F4rFS + Fb1F7+ Fe 1 F9

= 6lb0-13975,9-/87/.)]-47.4-3753.3- /950.%
+ /S674

LEVER ARWA

FORCE LEVER NRwm
F LA = 4.321' falz0) * 10.99° v
=) LD =4,321'-/(3) = 2.8z’ 1
Fs LE =9.52] -%/3(3) = z.22' L
Fe (F =(4.321- 2.¢76)+/3(3.674-3) 7 .82 L
F7 LG =(432-3.626) * /o (3.67¢-3) = 9583 v
c8 LH :%3(4,521 -3.676) = .43 v
[V

Fa ¢ =% (s -49321) = -1.22
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K @ zg
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sm= FI(A) +Fa (L) +F5 (e Fu(LF) + F1{w) +F 8 (LH)

* Fq (LI)

6160(10.49) -13579.4(2.92) =/1871.1(2.32
-47.4(.87)- 3953.3(.983) )

7 /5674 (‘/,ZZ_)

7.9 Fe-# x 0

FEQUIIZED DEPTH = 6.5’

-/1950.3 (-

73

/

R TSI S S TP

A A PR ) Lyt

AL . et e N ]
. ,. TR A TR v L
T IPIA b A s e

s
! '!L- Lok

.o
AR

AP P ]
a'a a4 b
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N 3.7.3 Problem #3

TEEEEREELS

LT ELELL LS

IHPLT DRTA o
SEELFEEREE S
RS L L2 gt ] L
HET UMIT WEIGHT, SOIL #1 =118 PCF, i
SATURATED UNIT WEIGHT, SOIL #1 =122.4 PCF, iﬁ;
COMESION, SOIL #1 =a PSF. o
AHGLE OF INTERMAL FRICTION, SOIL #1 =32 DEGREES. ?ﬁi
FRICTION ANGLE, SOIL #1 =15 DESREES. :};i
WET UNIT WEIGHT, SOIL #2 =108 FCF. ;:}
SATURATED UNIT WEIGHT, SOIL #2 =112.4 FCF. ?:?
. COHESION, SOIL #2 =1008 PSF. ' ;ﬁ;
b AMGLE OF INTERMAL FRICTION, S0IL #2 =23 DEGREES. ;j;é
FRICTION ANGLE, SOIL #2 =15 DEGREES. ]
WALL HEIGHT =29 FEET. iﬁf
Ef SROUND WATER DEPTH =66 FEET. .

.- ACTIVE K, S0IL #1 =,279843023

_,“.w,_
ST
R
PR R ) Al s

ACTIVE K, SOIL #2 =, 325042257 N
TOLERAMCE =.85 PERCEMT.

o ZAFETY FACTOR =1,
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FrEEFELRRRS
rHEEEEREERE
UTPUT DRTH
e T
LEHEEXLERRE

FEQUIRED WALL PENETRATION =8.1 FEET.

EX TP AL S Lk b b b b b g L
SUFPLEMENTARY DORTA

1
24

e
<-4

I
1,

fa
N
0
il
m
m
-

J T e
- iH &
S Y

woun

T &g m
I,

e -
b=y

& O 5
[
o =4 Il
U fa 0

T

m

m

i

.
L
1z

- - A
B = 5 FEET.
27 =8

qe

Fi
Pz
F3
F4
FR
F1
F2

|
ra &

L R
3O o W )

£ T
i -

i
. |

[ \l\ L

2 = 5
#* &
T
o
e

L e
.

[TXIRgS |
.V-
1]
[ 7|
N
-
I
|1
—
mn Dax]
- -
. (1)
X
S
]
1y
Dix)
L
m
—i
§ooo
/4!“‘1 PR

f =4

1\_
# % #
r
-
n
Joa =
O S
i) GJ
— -
-J E
g
YR
—
-1 :r{
i

F3 =a

F4 =0#, LD =aFT.

FS =04, LE =@ 1'4

Fo =0#, LF =@FT. o

F7 =-17221.9557#. LE =2, 459557 22FT. =~

F2 =-2839.681724. LH =1.85359305FT. el

F3 =-132E.1423#, LI =.414455141FT, R

Fo =15245.30324. LJ =-1.123284343FT. .

FT =3.31453727E-05#. MT =-.FE53523311FT-4. - '
ﬁl
\-_1
--@

CERL I B TN TR e st

owmt .

e B A AR DRI LY

S CEE T e o S . O S N AP e e 2T
et e e N "ﬁ"".'-.‘-h'v'.'-."'-." et e .'.’.‘.'_.'-'."-‘.\.‘[.','...','.',~J a2l P A PR VBT R B S SV e WY
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| T 7AW
L llopse, ¥ = 122.4 psF
?‘- 4 #’ - - - - le]
- 20 Soil c=0, ¢=32°,d =18
- L e
Z\U
- 60’
Sor 1 ®#2 du = lOOPcFJ Yo = 112.4 per
< = 1000 PSF, ¢:28°J G(: /5 °
5 _ . ¥
& =
< ke = .279
i R = 4.483 VERIFIED COMWPUTER CALCULATION
ha = 325
REFER TO FILURE
[ y
FAd =0 HY ka = M0per (20)7 (279) = ¢138™ % ]
ComrosiTE FPRESSURE & 2= 6.1 (SFFI) "
//\\\ - T T 71— -

cC ¥ < &
AcTiVE PAsSs IVE

o Ty At -
S S R
..................

e e Y AP PP VR W . PO PR Yy

PR P ILY G SN Sy S S S S . S
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RIGHT SIDE (PASSWE)

"
"

o = (@), = 100pck (617 (4.483) = 2734.¢* /e

Ze = atlp, = & (1000) (4483 ~ g4239.¢ % )r>
e = GH Ry = 20 (N0pre)(4.983) 7 F862.¢%fm~

ff,‘ = /433/.8#/Ft"

LEFr Sipe (Aerive)

v ‘?5‘(2—!> Ra = /00 reF (é./D 328
e 7 2efr, = 2 (ro00) (325
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SLOPE STABILITY

o
o 4.1 Problem Definition
& The program, BISHOPl, calculates the stability of earth
i slopes. The Bishop method of slices is used (Bishop, 1955).
" The slope is assumed to fail in a well defined circular
o arc. The earth mass is assumed to remain in a solid state
a

at the time of failure. See Figure 4.1 for the generalized
;: geometry of the problem. A reservoir or pool may be specified.
' Tailure Surlace

7 \\
-.»:- T v L, 77
Y | = \ /
Reservoir Soil #1
) /
| Y
\\:\ - __ ~ Soil #2 =
“Z-‘ A Sy
N <L, T, T, T sodl 43, - - ;
- " Soil #4
1=l
—a X

VA

Figure 4.1. General Problem Definition.
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4.2 Background Theory

4.2.1 General j\Q
A landslide is the failure of a soil mass beneath a

slope [l1]. A slide involves the downward and outward move-

ment of the soil mass. Slides occur at various rates. Some {C&?
N
slides are sudden and provide no warning; conversely, other N
s
slides fail slowly producing cracks and other visible signs o~

of impending failure. The safety of the earth mass against

failure is termed its stability [2]. The stability of earth

masses must be considered whenever the possible failure

of a slope may damage a structure or cause harm to individuals.
Slope failure occurs when the shear strength of the

soil is exceeded by the shear stresses distributed over

a finite continuous surface. Among the major factors which

influence slope stability are: failure plane geometry, non-

homogeneity of soil layers, tension cracks, dynamic loading

or earthquakes, and seepage flow [4].
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4.2.2 Limit Equilibrium Analysis

AR

The limit equilibrium analysis of slope stability is

composed of several methods varying in complexity and applic-
ability to particular conditions. The ultimate solution

of a limit equilibrium analysis is the determination of O
a factor of safety. "The factor of safety is that factor

by which the shear strength parameters may be reduced in :c;

order to bring the slope into a state of limiting equilibrium ~
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along a given slip surface" [5]. This definition implies

a uniform state of stresses along a given failure plane.
Classes of analiysis within the limit equilibrium analysis

include the Culmann method (straight line failure plane),

Bishop's method (circular arc failure plane), the logarithmic

failure plane method, and the irregular failure plane method

(Janbu, 1954). Each method introduces an additional degree

of complexity; subsequently, the resulting factor of safety

is hoped to reflect the actual conditions better than its

predecessor [4].

4.2.3 Bishop's Method

The slice method, as originally proposed by Fellenius
(1927), is the basis of Bishop's method of slope stability
analysis. Bishop's method assumes a circular failure surface.
Circles' centers and radii are varied until the minimum factor
of safety is calculated. Figure 4.2 illustrates the safety
factor contours created by iteratively solving the stability
analysis. The circle center is the minimum factor of safety

of the slope.

Contours of equal safety factor

Minimum SF and
center of critical circle

Figure 4.2. Slope Stability Safety Factor Contours [2].
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For each slice, the forces are evaluated according
to the limit equilibrium of the slice. Figure 4.3 illustrates

. the forces considered to act on a slice.

’n
. —— -
- f,,,, lw fn s
Yy %

o 5"1 045 K
v \ “. -
o /<P K2 :1
- L
. a ! L
=
DS AR
Figure 4.3. Forces Acting on a Single Slice [1]. fii
. o]
where, kﬁ?
b = slice width t'-'-":_i
" a = slice inclination ”"i

T ol
) i
P = normal force on slice bottom =

.:" M

- W = slice weight .

S = shear force on slice bottom

E_ = normal force on slice side

n
. Tn = shear force on slice side
N The equilibrium of the entire soil mass is evaluated
)

by summing the forces acting on all the slices. Because
; the factor of safety appears on both sides of the limiting
N
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equilibrium equation, iterations are required for each failure S

surface. The equation is as follows: S
g = L(Cb + Ptang)sec a e
tan ¢ tan o =
- 1l + a : .
ZW Sin (s /"
e where, -__-';_;:
: ¢ = angle of internal friction 'r';
::' C = cohesion .':l‘j.‘_l
a = slice inclination :\.:::Ij
] F = factor of safety b
.o
S The user can find the derivation of this equation in -f-::.':
.\- :}_._'
reference 5, p. 161. *.:;E‘
N
. T
. Earthquake forces treated as equivalent static forces ‘e
are added as additional driving forces. The force, F, is ,jl";_.'
\__'_._.
o calculated by accelerating the slice mass. o
L] F = ma o~
. . .
m= — -
) g 3
) a=k
eq .
. therefore, o '
o B
- F=k W
eq -
oy where, ;
L9
~ F = earthquake force )
i m = slice mass jf:::'.
Ry
W = slice weight
@ --®
g = acceleration of gravity 1
x o
R
E L
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seismic coefficient

k
eq
The earthquake force may reduce the normal force acting

on the bottom of the slice [3].

4.3 Program Use and Limitations

4.3.1 General

BISHOPl was translated into Applesoft Basic Language
by the author. The original slope stability program was
programmed in TRS-80 Basic language and was presented in
reference 3 by Cross. Since the author did not program
the software, the programming rationale for selection of
particular program flow paths is not presented. During
translation of the program, all print and input statements
were modified; additionally, the program was altered to
calculate a rapid drawdown without repetitive data input.

The program is user oriented. All input is prompted
by brief, concise statements and questions. As with any
program, the user should be familiar with the associated
theory, required input data, and the sequence of input.
The user is urged to tabulate and check the input data prior
to running the program.
4.3.2 Data Input

As depicted in Figure 4.4, the geometry of the physical
conditions is specified by a series of point and line numbers.
The user should graphically display the problem using an
appropriate scale such that the entire problem is in the

first quadrant. Points on the top soil line must be numbered
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% Center ~ @ :
T o[5] _i
. Pool Elevation Soil #1 e
s Y,c iy
Elev. '?l E
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N ‘ v

> Soil #2 v,
::: @]& ol Y.C [ﬁ
. . Soil #3 vy,c @7 :’B
; 4 4 ¢ t } ‘—x
D"Point # Horizontal Distance
- Line #

Figure 4.4. Input Parameters for Slope Stability Analysis.

] from left to right. The user must insure that the extreme
- left points are outside of the specified failure circle;
similarly, the extreme right points must be outside the
failure circle. Below the top soil line, points may be
numbered at random, but the interpretation of output data
is simplified by maintaininga left-to-right numbering

orces. Point numbers are specified by their x and y coor-

dinates.

Lines are specified by the left and right point numbers.

9 Vertical lines are not permitted. If a vertical line is

e e Lo . o
DN A TN e e
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required, the user may slope the line by an insignificant
amount; i.e., .0l. Interpretation of the output data is
simplified by maintaining a consistent left-to-right
numbering order, but it is not required.

Soil types are specified by number. While inputting
line data, the user must specify which soil is beneath the
particular line. Soil physical properties are input as
the angle of internal friction, cohesion, the unit weight,
and an indication if the soil is saturated (0 = yes, 1 = no).
Saturation implies the soil is below the groundwater table;
this is the method used to specify groundwater table location.

The failure circle is specified by inputting the x
and y coordinates of the circle center and the radius.

The pool or reservoir is specified by the pool surface
elevation and the extreme left and right x-coordinates of
the line defining the pool water level. The piezometric
surface within the soil mass is identified by indicating
a saturated soil while inputting the soil data; therefore,
the phreatic surface is a series of lines with a wet soil
above and a saturated soil beneath.

Any units may be used but must be consistent; i.e.,
feet, pounds, and degrees.

The sequence of input is as follows:

a) problem heading

b) pool elevation




'
)

c)
d)
e)
£)

g)

h)
i)
)
k)
1)
m)
n)
o)
p)
q)
r)
s)
t)
u)
v)
W)

X)

y)

110

extreme left x-coordinate of pool

extreme right x-coordinate of pool
water unit weight

earthquake seismic coefficient, keq
total number of points to be specified for all
lines (see Section 4.3.5, Limitations). Note that
the pool water level does not have line points
associated with it.

point #1, x-coordinate

point #1, y-coordinate

point #i, x-coordinate

point #1i, y-coordinate

number of lines (see Section 4.3.5)

left point, line #1

right point, line #1

soil beneath line #1

left point, line #i

right point, line #i

soil beneath line #i

number of soil types (see Section 4.3.5)

unit weight, soil #1

cohesion, soil #1

phi angle, soil #1

is soil saturated, 0 = yes, 1 = no

unit weight, soil #i

cohesion, soil #i
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z) phi angle, soil #i

aa) is soil saturated, 0 = yes, 1 = no

bb) minimum number of slices to be used (see Section 4.3.3)

cc) x-coordinate of circle center

dd) y-coordinate of circle center

ee) failure circle radius

ff) drawdown option (see Section 4.3.3)

See Section 4.5 for a printout of the above statements
and associated input for an example problem. As previously
mentioned, the user should create a table of input parameters
prior to running BISHOPl. Example Problem #1 has approxi-
mately one hundred input variables.

4.3.3 Options

BISHOPl can calculate a rapid drawdown condition without
repetitive input of the problems physical geometry. This
option is prompted by a guestion after the initial input
of data and again following the output of calculated data.

If the user desires to calculate the safety factor for only
a drawdown conditior, a pool elevation of (¢ cshould be input.
The rapid drawdown option sets the pool elevation equal

to zero and does not affect the phreatic surface.

In most design studies, both the steady state and rapid
drawdown conditions are analyzed. To analyze both cases,
first calculate the steady state safety factor by specifying
a pool elevation. At the completicn of this analysis, the

computer asks if a rapid drawdown analysis is desired. At

N 2P % T e A Sufaal el Sl A A N R S A A AP L - A A gt
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; that time, specify a rapid drawdown condition and calculate

| the slope stability. This sequence provides the most infor-
mation with the least required user input.

A A minimum number of slices can be specified (the computer

may use more slices in some instances). The original program

automatically sets the minimum number of slices at 10 [3].

The program was modified to allow the user to specify a

. minimum number. The maximum number is set at 25 slices

due to the memory constraints of the hardware. The author

has successfully used 25 slices, but in approximately 50%

of the cases, an "Out of Memory" error was encountered.

The number of slices specified is contingent on the number

of points, lines, and soil types input; the user must use

trial and error to best suit the minimum number of slices

- to the physical geometry of the particular problem. The

author never encountered an "Out of Memory" error when 10

¥ - slices were specified. Fewer than 10 slices should not
: be used for most problems.
The key advantage of BISHOPl is the user option to
v specify various failure circles without re-entering physical

geometry data. At the end of each run, the user is prompted
to define another failure circle. After defining the new

circle, the program repeats the stability analysis using

the physical geometry data previously input. The rapid
drawdown option is used concurrently with the above option. ;
;
-

As depicted in Figure 3.2, the user can manually "search"
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for the minimum factor of safety by establishing contours
based on successive runs.
4.3.4 OQutput

Output of calculated data is composed of three general
types. The first is automatically printed at the end of
each run and consists of the calculated factor of safety,
circle definition, and earthquake loading factor. The second
section of output is at the option of the user. When speci-
fied, a "formal printout" of all input data will be printed.
When successive runs are made while searching out the minimum
factor of safety, the "formal printout" should not be speci-
fied until after the last run. The "formal printout" is
used to document the output data, thus enabling the user
to identify a particular series of circle definitions and
factors of safety to a particular problem.

The third option is a list of variables calculated
during a particular stability analysis. Each diagnostic
list will be different for each circle definition or physical
geometry. The diagnostic option creates a list of slices
and the corresponding weights, inclinations, cohesions,
widths, effective weights, phi angles, and lever arms (X)
used in the stability analysis. Additionally, the factor
of safety iterations are listed and the net force required

to provide a factor of safety equal to one. See Section

4.5 for a printout of the diagnostic list.
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4.3.5 Limitations

- The number of points, lines, soil types, and number
of slices are limited. To avoid program errors, the user

must not specify more variables than allowed by Table 4.1.

-~
Table 4.1. Input Limitations.
Parameter Maximum
- Points 20
N Lines 20
&
Soil types 5
:i Slices 25%

*Refer to Section 4.3.3.

The physical geometry of the problem must be specified
completely within the first quadrant. No negative values
of x and y coordinates are allowed. No vertical lines may
be specified. As previously discussed, offsetting the
x-coordinate of a vertical line by an insignificant amount
will suffice to avoid this limitation.

A slope must be specified to move up and out away from
the coordinate origin as depicted in Figure 4.1. Erroneous
slope stabilities were calculated when this rule was not
followed. By rotating the scope geometry 180° such that

the embankment sloped up and out away from the origin, a
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correct factor of safety was obtained. This limitation i?g
was not mentioned by Cross in his presentation {3]. o

A limitation of BISHOPl is the lack of a search routine }ﬁ
which would yield a minimum factor of safety without user ?;
intervention. Main frame computing facilities have programs ?’?

available to perform this task; for example, ICES LEASE I. o

Once again, this ability is dependent upon memory requirements ';}
beyond the capacity of most personal computers.
4.3.6 Warnings

In Section 4.3.2, the user was advised to ensure that
the extreme left and right points were outside the failure
circle. 1If the user ignored this, the warning, "Circle
exceeds top line end points" will be printed. The user
will then be prompted to input another failure circle. If
the failure circle previously specified must be used, the
point x-coordinates must be altered such that the failure
circle is within the extreme left or right points. The
user must restart the program to redefine the problem.

When the user defines a circle with a radius not large
enough to intercept the slope the warning, "Circle does
not intercept slope"”" will be printed. The user will be
prompted to define a new failure circle. Input of physical
geometry is not required. See Section 4.5 for an example
of this warning.

The finral warning advises the user that more than ten

iterations are required to calculate the factor of safety.
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No user intervention is required as the program will continue
to iterate the factor of safety. If the warning continues
to appear, the preset iteration tolerance may be changed
by altering line 3860. The preset tolerance is .005. If
the user is experiencing repetitive warnings, try changing
.005 to .01 to avoid this problem. More than ten iterations
were never required to calculate the factor of safety during

verification of this program.
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Program List

SPEED= 158

PRINT "$#$%$33 655t £5 84585555 F5e2"

PRINT "**SIMPLIFIED BISHOP SLOPE=+"

PRIMT "=+ STRARILITY ANALYSIS %"

PRINT "#%¥¥¥E¥XFEEEXF XL XEXXEEFEEESY

PRINT : PRINT : PRINT : PRIMT :

PRINT * DANA K., EDDY, S73-80-28373"

PRINT " SEORSIA IMSTITUTE OF TECHNOLOGY!
PRINT " DEPT. 0OF CIUIL ENGIMNEERING"

PRINT " GEOTECHNICAL EMGINEERING UIU "
PRINT : PRIMT : PRINT

PRINT * PROGRAM DATE: JUNE 1383"

PRINT " SYSTEM HARDHWARE: FAPFLE II PLUS,cd4E"
PRINT " SYSTEM SOFTHRRE: O0S 3.3, APPLESOFT"
FPRINT PRINT : PRINT

PRINT “ THIS PROSRAM CALCULATES THE FACTOR OF SAFETY OF AN
E AGAINST A CIRCULAR FARAILURE. THE SIMPLIFIED BRISHOP SLOFE

RMALYSIS IS5 USED."
FRIMT : PRINT : PRINT

SPEED= 255

DIM P(28,25,L(20,32,32(5,45,AC(502,F{58,14 ,2(33,37
PI = 3.14153

-5 =9

REH ##+INPUT PROSRAM UARIABLES**<#
PRINT “PROBLEM HERDING"

INPUT H#

PRINT
PRIMT "SUBMERGENCE ELEUATION (8 IF MO SUBMERGEMCE »"
INPUT S8

PRIMT
PRINT "FROM A-COORDIMATEY

INPUT S5

PRINT

PRINT “TO ®-COORDIMRTE"

IHFUT 57

FPRIMT

PRIMT "HWATER UMIT HEIGHT"

INPUT HE

PRINT

PRIMT "EARTHIURAKE LORDIM3 FACTOR™
IHFUT Ed

FPRIMT : PRINT

PRIMT "MUMBER 0OF FOIMTES"

IMPUT P1

FRIMNT

FOR I =1 T2 P1

FRIMT "POIMT #"I

FRIWT "A-COOROIHATE"

IMNPUT PoI.12

FRIMT

lll
-

()

STREILITY
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PRINT "Y-C@aRDINATE"

INPUT PC1,2>

PRINT

NEXT I

PRINT

PRINT "MNUMBER OF LINES"

INPUT L1

PRINT

FOR'I =1 TO L1

PRINT “LIME #"I

PRINMT

PRIMT “LEFT POINT"

INPUT LiI,10

PRINT

PRIMT “RIGHT POIMT"

INPUT LCIL2)

PRINT

PRINT "SOIL BENERTH LINE #"I

IMPUT LCIL3D

PRINT

MEXT I

PRIMT : PRIMT

PRINT "NUMBER DQOF SDIL TYFES"

INPUT 51

PRINT

FORI =1 70 51

PRIMT "“SOIL #"I

PRINT

PRIMT "UMIT WEIGHT"

INPUT 201,10

PRINT

PRIMT “COHESIOHN"

IMPUT s2(1.,2)

FRIMT

PRIMT "PHI AMGLE"

INPUT S20 1,30

PRIMT

PRIMT "IS 3S0IL SATURATED, B=YES, 1=MD 7"
IMPUT S2iI,40

PRINT

HEXT I

PRIMT : PRIMT

PRIMT "SPECIFY THE MIMIMUM NUMBER OF SLICES TO
THFPUT =

PRIMT
REM
F3 = @
PRINT "FRILURE CIRCLE DEFIMITION"
PRINT : PRINT

PRINT "=-CQOROIMATE OF CEMTER"

o

PRIMT

BE LIZED HAK

S



DUl

GOTO 370

| 119
-
. s78  INPUT X
= B7TS  PRINT
33  PRINT “Y-COORDIMATE OF CENTER"
. B39 INPUT ¥
N 595 . PRINT
T8 PRINT "CIRCLE RADIUSY
- 718 IMPUT R
- 712 PRINT : PRINT
gt 713 PRINT "FOR A RAPID DRAWDOWN TYPE (3>, FOR SUBMERGEMCE ELEVATION RS FR
EVIOUSLY SPECIFIED TYPE <1)"
. 714 IMPUT Z2: IF 22 = 1 THEN 716
- TIS S8 = @
- TLE PRINT : PRINT
728 REM ##CHECK, CIRCLE EXCEEDS TO LINE EMD POINTS+%
T30 UL = PL
74 FOR I = = TO Pl
7S@ IF PCIs13 < PEI - 1,10 AND U1 = P1 THEM 77@
TEH  GOTO 728
PR UL =1 -1
TER MEXT I
TR 1l = R+ R — EPi1,2) = ¥y ~ 2
2090 J2 = R # R = (PIULL20 = ¥y ~ 2
19 IF J1 < = 8 THEM 339
2@, IF J1 > B AMD PCLl.12 > % — SOR {J1> THEH S6£&
23@ IF J2 < = @ THEMN 259
4@ IF J2 > @ AMD PCUL,1) < # + SOR (J2)> THEH 258
258 GOTO 359
S8 PRIMT “+ CIRCLE EXCEEDS TOP LIME END POIHTS *"
27TH GOTO 4356
3360 REM **DEFIME IMTERSECTION OF CIRCLE MWITH LIHES*#
299 FOR I = 1 TO L1
a3 K1 = PCLCIA10.10
10 Y1 = PCLCTIL10,20
A28 K2 = PCLCIL22,10
930 Y2 = PCLOIL2),20
A48 IF ¥2 = X1 THEN 258
95

I3 S = 9,93 + 19 o
gra IF X2 < » ¥1 THEN 99@ "
a3@  50TO 1993
IR S = (W2 - Y1 o (HE - Wl 2
1pas IF ABS (S) < 1.9E - 5 THEM 1158 iiﬁ
1918 C1 = %1 - Y1 ~ S 21
1028 02 =1 7 5 ~ 2 + 1 S
I 0T =2 # 01 » 53 =2 %% » 5 =2 Y e
1040 04 = 01 ~ 2 - 2 # % #C1l + 4 ~2+Y ~ 2R ~2 oK
1658 CS = C3 ~ 2 - 4 # 02 04 T
1868 IF CS < © THEH 1999 e
1978 FOTO 1939 ~=
1929 21,1 = @ ' e

3
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18359
11848
111a
t1ey
11383
1148
1158
1168
1173
1180
1198
1203
1218
1220

=JoT LN £ Gl
Lo OO

— . et e P et e P
L) G T PO P Pa T fO T

Fot e 1350 £ OO
NN

—
19}
o

1328
1 3413
1358
13en
1379
1228
1399
143
1418
14289
1438
1443
14583
14&68
1479
1429
1433
1500
1518
1528
1529
1348
1558
[9589
1373
1588

. TR LR AR
\ﬁ.\’.\\\'.\\':':& AP,

.. . P R P e - t e R
(S -t - v e . . o
o PR W B PR U ralalalian’als o Los FINEIY A PR PV, VU W RS . " Y "
- - —a

—
g

ZS < A THEN 18349

Rl =¢ = C3 + SGR (CHH) ~» (2 * C23
R2 = = C3 - SR (CSOHr » (2 % 023
B3 =01 » S + C1
Q4 = 2 5 + 1

GOTO 1248

CS =R~ 2 -(Y - ¥13 ~ 2
IF CS < B THEM 1128
GOTO 11343

2(I,12 =8

IF C5 < ©® THEN 1539

@3 = X + SER (CSO

R4 = ¥ - SOR (LS50

@1 = ¥1

Rz = v1

J1 =8

Jz = @

IF ABS (S ¢ = 9,99E + 3 AND @3 = > 1 AND 03 <
12360

IF AB3 (S» < = 89,393E + 3 RAMD o4
50T0 1328
Jz2 = 1

IF 5 < = 3,33 + 9 AND 21 > = Y2 AND 9t
GOTD 135

F4 \-
}

Dex]

Ji =1
IF & £ = 3.93E + 3 AMHD 92 = Y2 AHD B2 < =
GOTO 1336
Jz =1
IF S » 3.99E + 3 RND 31 > = %1 AND 1 < = %2
S0TO 1414
J1 =1
IF 5 > 3.99E + 3 AMD 2 > = Y1 AHD 02 < - %2
G0TO 1448
Je =1
Zils,ta = J1 + 42
IF J1 =1 THEH 1478
GOTD 1428
21,22 = (33
IF J1 = 1 THEN 15SPa
GOTD 1518
Zil.3) = QA1
IF Jil = 8 AMD J2 = | THEN 1534
GOTO 1548
21,20 = 4
IF Ji1 = @ AND 12 = 1 THEM 1568
GOTO 1578
201,30 = B2
IF 41 =1 AMD J2 = 1 THEH {593
SOTO 1e3a

e mg e Y . ’

O 'y
.

H2 THEH 12360

» Al AMD 4 < THEM 1314

f

= Y1 THEN

= %1 THEH

THEH 1489

THEH 14320
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DO VI W B MR B Bt B By a B® Bl B¥ B 5 s

—
L
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[ R R By B 0, B 7Y O (TR M Y L )
ial 15

OB

R OO W I I Y|
Dl
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v
L

Pt e P ke Pk e e e Pt g Pt b pt e P e
0 L0 G0 e 0 D G0 S0 G0 Q0 00 00 0 00

DR & G Ry -
DN R e

i o
Mot

LN & Gl oo 5 0 00 =

AT
=

1%
BRI A

-
|

o5

A
DA

NN
-y

[ [ O s Py [ v —

[ o

o) ._.'.‘| )

'l

DO Ry

DA A

o 00 [0

SiIl.dr = Q4
IF J1 =1 AMD J2 = 1 THEM 1628
GOTO 1538
2 SC1,3 = 92
NEXT 1
A4 = 53
X3 = 9.93E + 20
I1 =1

FOR I =1 T L1

IF &iI,12 = > 1 THEM 17v3@9
GOTO 1718
RCILD) = 201,20

IF 201,12 = > 1 THEN 1730
GOTO 1748

I1 =11 + 1

IF 2(I,13 = 2 THEM 17E&
0T 1776
ACILY = 2¢1.,47

IF 2C1,12 = 2 THEN 1736
BOTD 1398

It = I1 + 1

MEXT 1

IF T1 = 1 THEM 183a

GOTD 1848

PRINT "CIRCLE DOES MOT INTERCEPT SLOPE"
IF I1 = t THEN 4328

REM +#+SET UP OF SLICE RRRAY=*+
FOR I =1 TO It - 1

IF an; » »d THEN 1299

{ »5 THEN 1926

FOR I =1 TO Pt
IF P{I,13 < H4 AMD PCI,17 > X5 THEM 1379
GOTD 19306
ROTIL) = POT,10

IF PCI,10 < =4 AND PLI,1a » XS THEN 29
GOTO 2016
It =1t +1
NEXT 1
It = It -1
FOR I

™ I1

=1
FOR 1 =1 TG It -t
IF ACD + 1) » ACJY THEM 2996
JU = ARG + 1)
HCJ 4+ 1) = RO
HCJs = 1

3R
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DA B R0 P Y B TN S |

—
R AR NI I D

) .fl.l Fos [ P T P B0 B0 PO PO T

L OO ¢
RV X

[l
I
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S Q0 ~)
LRI O )

PNy N RII RN Y|
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AR R DA
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o 0 =) I N
]

MY

Y Por P For BP0 PO Fo B P Tt o I B0 B P PO o

(R
h R o A A A Y '
VR o—

=y

NERT J
NEXT 1

T It -1

FOR I =1
PEACT + 1) THEW 2156
%)

IF AT
GOTO 219
Ui = Ut + 1t

IF R(T < RCT + 1) THEN 2189
GOTD 21359

RCULS = ACTD

MEXT I
Ui =01 + 1
RCUL Y = R{TILD

It =1

REM #+DEFIMNE SLICE BOUNDRRIES**

1 = RAIL) - ALY
2 = @1 - 353
ur = I1

FOR I =1 70 U1 - 1

Q3 = ACL + 1) - ACTD
R4 = INT (B3 ~ 02 + 1
CL =Q3 7 4

22 = RACI)

FOR J =1 T0O G4
IF J < 24 THEW 2359

ACILY) = C2 + C1
IF J < 04 THEM 2418
BOTO 242a

c2 = .2 + 21

NEXT J

HEXT I

FOR I =1 70 I1
FOR J=1T01I1 -1

IF RCJ + 12 > ACJ)Y THEM 25660
JU = RO+ 1)
RCD + 10 = ACdS

ACJs = 1

HEXT J

HERT I

FEM ++DEFIME 20IL PRARAMETERS FOR EACH SLICEs+
FI =11 -1

FOR I =1 TO F1

Filsd = AT + 1) - ACI

AR = Fil,40

FOloPr = CR(D + 1) + ACTOy # 2

A3 = FOL,To




123

33 YL =% - SOR (R ~ 2 - CACIY = Hd o~ 20
BEB Y2 = Y - SER (R ~ 2 — CAIL + 10 = ¥ ~ 20
- 518 HS = RTN { RB3 (Y2 - Y1) » F(l,43)
N B2e . IF ?2 { Vl THEN 2648

>
't

SOTD 2558
2 AS = -~ n
o3 F'II‘-

[}

M

SOR (R ~ 2 = (X3 = HY ~ 20

T
! *,

v s B P B3 P T P P B T o By e B0 70

w3 AND PCL

= 6,2 < = ¥Y3 THEM 23244

X3 RAND P(LB.,1 < ¥32

A3 ?
G,

2 THEM 234
¥3 THEN 2348
223 2 (PILTL,1) = POLE,1 D « (H3Z = FOLS

\,'/'\/\

>
3 AMD PCLB,1D
277 Y6 = PuLS. » + (PCLS,2) - P(L
Ve 130
e &ved IF v8 <
: 2799 I4 = I4
, 2283 (14,10
. 2219 2(14,2)
- 2328 H =9
2339 E = @
NEXT J
IF I4 = 1 THEMN 2379
FOR J =1 TO I4
FOR J1 =1 TO 14 - 1

Y3 THEM 2348

B
L Js3 0

o+

Cc~=

o
[V
A
o

V=g Ten
DA W

h_lfn['u[nl'.nrl
o Q0 Q0 00 0 00 Qo

=3 IF 20J1,1) = > 20J1 + 1,1)> THEH 2956 N
20 LS = 2(0J1,10 <
BB L = 2 Jt1,20 :J

2319 2¢J01,15 = Z0JL + 1,10 B

2920 Z0J1,2) = Z¢I + 1.2 |

2338 2(J1 + 1,13 = LS =

2349 Z(J1 + 1,2) = LE

2359 MEXT J1

2950 MEXT J

2379 I4 = 14 + 1 ;

2959 2(14,1) = ¥3 -

2333 FOR J1 =1 TO I4 - 1 ~9

Zoad IF 1 = 1 AMD J1 = 1 AND ®3 = > S5 THEM 3026

319 G070 2934 TN

020 15 = B - ¥1 -

2939 IF I = F1 AND J1 = 1 AND X3 = > 35 AND X2 < = S7 THEM 2856 '

3949 GOTO 2068

SA JE = A - Y2

TEEE M o= W o+ S0 1,1 = 2001 + 1,100+ HE & 52070,

A IF 201,10 < 5@ AND W3 = > 56 AND X3
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P
RO

XY BRI TS
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GOTO 319¢
Ho=H + (!
IF Sad¢aiJ
0T 3138

Ed4 = S2(2CJL1,22,10

) )

5]
1,

IF 3202C.01,22,4 < B.35 THEW 3159

GOTO Fled

— o

Ed = S2(I{Jd1,20,12 - HB
E=E + (201,10 - 2(J1 + 1,12 % €6 %

MEXT 1

FLlsly = H
FiI.52 = E
FeIa3y = S2(ECTI4 - 1,250,250
FiI.By = 2

MEXT I
IF F3 = i THEN ZZ5a

L¥ = CHR$ (4): PRINT L$:"PR#1"
PRINT "SLICE HEIGHT

T PHI o

PRINWT
0 =368 ~ {2 % PIL>»

FOR I =1 TOF1

PDKE 36,3: PRINT I;:
"22) ¥ Ui: POKE 3E,34:
35,53: PRIMT F(I1,505;5:
FoI.To

HEST 1

FRINT L#%;"PR#2"
=0

FOR I =1 TO FI{
D=0+ Fil.,1lx» % SIN
0D=0+E1l = FiI,1) =

MEXT I

IF I » @ THEM 3438

POTD 2440

[V =Ha # I £ I8 « (R - I ~ 3

IF IS > & THEM 2460
S0TO 3470

O=0 -
IF I& > &
ROTO 3S16

!

BN (D * I7

(RN I)

N

LE = LCHR$ (431 FRINT LE;"PR#1"

FRINT : FRINT

FRINT "ORIUING FORCE COUNMTER BRLAMNCE

FRINT : FRINT

FRIMNT L&;:"PR&DQ"

IF 5 - 83 THEHM =534
DOTD TS540

IV = Ha « o+ J6 « R

IF IF o 3 THEH Z2E0

SCJl.100 +

2%,4> > B.95 THEMN 312&

* PI % {S202CI4 - 1,22,3) ~» 3

(a1

IMCLINATION COHESION

POKE 36,73
FRINT FCI,325:
POKE 35,

PRINT FiI,llss

J2007 % CFULL2

S CFCT L2000

AND F3 = 1 THEM 2435

HIDTH EFF HeIigH

POKE 38.13: PRINT FoI

POKE 3E,41: PRIMT Fll.d47:: FORE
PRINT FC{ILB» # Di: POKE 3Z8,83: FRINT

S RBT CFCILE 300

III?H#. n
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. 125

nl 3558 B0TD 3578
- 5B D=0+ SEM DY » 1T
ISTA IF U5 > @ AND FS = 1 THEN 3535
L 35S0 GOTO JE10 .
- 1S5S LE = CHR$ (43 PRIMT L$:"PR#L" T
" PRINT : PRINT -
1 PRINT "DRIVIMG FORCE INCRERSE OF “I7"#," '}
A% FRINT : FRINT -
3 PRIMT L3$;"PR#A"
3 REM #+ITERATIUE SOLUTION FOR FACTOR OF SAFETY#+

F-‘.: M Fa =

g B R4 =4 e
3 I6 =@ o
@ FOR I =1 TO Ft SR

. 3 RL = FOIL3) # Fol,4y + FOILS2 % TAN (FCI.510 S
) T OR2 = 1 o COS 0 ABS CF(I,2302 LT

) S0 RT = 1+ TAM CFCI.8)3 ¥ TAM CFCIL2)) » FO S

N 3 R4 = R4 + RL % ¢RZ « RID RN

W0 HEAT 1 0
3 F2 = R4 ~ D -]

o 8 In = I8 + -
" @ IF F9 = | THEH 3750 5
- @ E0TO 3sza 1

8. IF IS = 1 THEN 27eS RS
3 GNTO 377 ' "i
5 L$ = CHR$ (4 PRINT L$;"PR#1" -]
PTE FRINT “ITERATION","IMITIAL","CALCULATED" n
TS L¥ = CHR$ (43: PRINT L$;"PR#1"
23 PRINT TAB( S)IS,Fa,F2 )
@3 PRIMT L3$;"PR#9" 1
28 IF 16 > 19 THEM 3848@ )
28 GOTD 3350
43 PRINT "WILL HOT CLOSE"
. 5@ IF IS » 19 THEM 2970 Ty
K- EQ IF ABS ¢ ABS (FA» — MBS <FZi1 < 3,895 THEW 3910 1
- TAFR = EBS CF20 :
9 R4 = @

s B G0TO 3ES0

.; S PRIMT : FPRIMT
@ LE = CHR$ 43 PRIMT L$;:"PR #1": FRIMT : PRINT

. S PRIMT Hf

a B FPRIHT "#4552 53534 aratistfaserererriserse!

v 9 PRIMT "FACTOR OF SAFETY = "F2;" AT ¥ ="H:" Y ="w;" RADIUS ='F
S PRINT

—
AN

FRINT "ERRTHRURKE LDADING FRAZTOR ="E1

FRIMT « FRINT

FRINT L#:"FR#&G"

HIOHE

PRIMT "00Q YOl WANT A FORMAL PRIMTOUT <Y OR H o™
IHPUT Hf

2 BN I
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3
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1
1
z
4
)
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7
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3
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3
3
3
3
34
e
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3
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IF R%$
L¥ = ¢
FRINT

P SO A A Y|

$ & o)
DA AR U Y]

FRINT
PRINT
PRINT
PRINT
FOR 1
FRINT
HEST I

N A UV A ]
AN T I ) IO |

+
-
U IO U A
£

-

XA

LU T R R RS s AR |

FRINT
FOR I

T S T T T
WU IO o O

bbbk

= %0

1,275

HEST 1

FRIHT
FOR I

201,20

HEST I

FRIMNT
FRINT
FRIMT
HIJME

FRIMT
IHFLT

IF A$

Fa =1
IF R%
FRIMT
INFUT

IF Af
FRIMT

FRINT :

PRIMNT :

FRIMT :

FOKE 25,2: PRINT Is3: POKE 36.19: PRINMT LuI,1»s: POKE

PRIMT :

2. FOKE 26,23 PRINT Is: POKE 38.,18: PRIMT S2(1.,

PRINT 3

PRINT :

FRIMT @

126

PRINT

= “N" THEH 4326

HRE (42: PRINT L$;"PR#1"

H#

PRINT

"HRTER UNIT WEIGHT ="HA;" EARTHIAJAKE LOADING FRCTOR ="E1
"SUBMERGEMCE ELEM ="S@;" FROM X="SE;" T H=":S7

"POIMT","<~-CODRDIMATE" » "Y—CODRDIMATE™
=1 70 P1
[P{T.10,P(1,22

PRIMT
"LIME":" LEFT PT":" RIGHT PT";" SOIL"
=1 Tod L1

)
[ag]
.

—
(i)

FRINT L«
POKE 32E,27: PRIMT L{ILZ3D

FRINT
"IOILY3"  UNIT HEIGHT";" COHESION":" PHI";* SAT-D
=1 T 51
(I1.125: POKE 38,21: PRINT %
: FOKE 35,30: PRINT S2(1,32;: POKE 3B,37: FRINT S201.4%  °

PRINT

"CIRCLE: ®="N3" ‘v="v;" RADIUS ="R:;" FACTOR OF SAFETY ='FZ
: FRINT

L$;"FR#D"

"0 WOL HANT A DIAGMISTIC RUM (Y OR M3
A%

FRIMT

= "w" THEM 4368

GOTO 43279

= "' THEW 729

"O0 WU HANT TO DEFINE ANOTHER FAILURE CIRCLE (Y OR H37"
A

FRINT

= "y" THEH 538

"EYE-BYE"
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4.5 Program Verification 127
4.5.1 Problem #1

FETHEETEE L EREERLERLE LR LEEES
##3IMFLIFIED BISHOP SLOFE##
| ++  STRBILITY AMALYSIS =%

HEEEELLEEEX LR LEEFEL XL L L EE S

P

- DAbA K, EDOY, S7Ta3-30-3373

i SEORGIA IMSTITUTE OF TECHHOLUOGY
UGEFT. OF CIUIL EHGIMEERIMG
GEQTECHNICAL EHWHSIMEERIHG DILY,

FROGRAM DATE: JUME 1333
SYSTEM HARDWARE: AFPFLE II FLUS,B4E
SYSTEM SOFTHARRE: 005 2,32, APPLESOFT

THIS PROGRAM CRALCULATES THE FACTOR OF SAFETY OF AWM EARTH SLOFE RAGAIMST A EIRCUE'{

LAR FAILURE. THE SIMPLIFIED BISHOFP SLOPE STRBILITY AMALYZIS Is LEED. Lfl
FROBLEM HERDIMG -
TAM EXAHPLE PROBLEM B
SUBHERGENCE ELEVATION <8 IF M) SUBMERGEMCE » ’ R
F16849 o
FROM #-CO0ORDIMATE :ll
Tl‘:‘ f- _‘:!
AR
Th H-COORDIMATE ;?i?
F13Z2 N
’, »d
WETER UMIT HEIGHT "
TR, 4 :
ERRTHRUAKE LIOADIMNG FACTOR o
T S

HMUMBER OF FOIMTS
¥13

FOINT #1 ‘
A=COORDIHRTE ;
T. B | LX) "

v~ L3ER0 THATE
71029

Pl ¥

......

.........
--------




FOIHT #2
®=~COORDINATE
198

&—-BE RDOINATE
Tieza

FHIHT #3
R=COORDINATE

1_,..
L

¥-CBEROINATE
T1848

FOIHT #4
“=CDORDINATE
F1B2.9

Y-CBBRDINATE
71945

FOINT #5

A=COORDINATE

?1(‘-:.5

FOIHT &7
H—CDDRDIHHTF

FOIHT #3
A-COORDINRTE
F3A

Y=CEHBRDIHATE
Flana

128
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a®a® 0.

129

. FOINT #3
oK ¥~COORDINATE

T133

. . Y-CHORDINATE

71835

POINT #1853
“~COORDINATE

T15G

FOINT #11
#=COORDINRTE
7181

. Y-CHaR0OINATE

TIB2ZF.5

POINT #12
R-COORDIMATE
TLIE3

Y-CEIRDIMNATE

1825

POINT #13
A-COORDIMATE
71V

Y-CHBROIMATE

HUMBER OF LIMES

TL3

-

LirE #1

v

LEFT FOIHT .
Yl

j

PR P-4

RIGHT POIHT

[
HraS

SOIL BEHEATH LIME #1 @

—
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130
LIME #2

LEFT POINT

. .
»

RIGHT POINT

- . TS

S0IL BENEATH LINE #2
- re
. LINE #3
'LEFT POINT
- 73 .
RIGHT POINT e
T4
S0IL BEHEATH LIME #3 o
. ~j -?.1 PUREES '
- LIHE #4 o
o LEFT POINT o
- 74 i
N © RIGHT POINT
i -
- S0IL BENEATH LINE #4 ¢
- LINE #5 "
2 LEFT FOINT T
o RIGHT POIMT -
- TR i
= 30IL BEMEATH LIHE #5 o
- 71 S
: LIME #5 ‘o
- LEFT FOINT L
773 O
RIGHT POIHT o
73 -
. -®!
o

SIL BEMERTH LIME #5 R

S
e
H
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. 131
o LINE #7

LEFT POINT

. 79

RIGHT FOINT
. RL

S0IL BEHERTH LIMNE #7
’ S

LINE #2

o - LEFT POINT
N Tig

RIGHT POINT
711

>0IL BEHEATH LIME #2

T

LIME #3

LEFT POINT
T11

. ' RIGHT POINT
71z

S0IL BEMERTH LINE #3

F | 2

LIME #18
-

- LEFT POINT
712

-
Pt
e RIGHT POINT
713
54 S0IL BEMEATH LIME #1&
- LINE #11
LEFT POINT
ﬁ";:
RIGHT POINT

-
©13

Il BEHERTH LIME #11

S T e Sy r g e Wk e e e A AP :




. 132
- LINE #12

. , LEFT POINT

713

RIGHT POINMT

W
'_- .

Z0IL BENEARTH LINE #12
- )

LIME #13

LEFT POINT

-
R

RIGHT POINT

e

SOIL BENERTH LINE #13
4

MUMBER DOF SOIL TYPES
7q

SOIL #1

LUHIT HEIGHT ¢
F1LS

”ii
COMES TON

@
-, - T ‘
elulx] L

o

FHI FAHELE A

26 .

I5 S0IL SHTURATED. G=YES, i=MD 7

UHIT WEIGHT
LIV

COHESIOH

T Eaa

FHI AMELE '

0N )

S0IL SATURATED, B=YES, 1=ND 7 o
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i SOIL #3

' UHIT HEIGHT
129
COHESION
109

FHI HANGLE

= 2

SOIL #4

UMIT HEIGHT
7159

COHESION

T198843

PHI AMELE
745

I3 S0IL SATURATED, 9=YEZ, 1=NO 7

SPECIFY THE MIMIMUM MUMBER OF SLICES T BE USED CHAX = 253, e
Tia )

FRILUSE CIRCLE DEFIMITIOH

P R
'l'l +
ki . .
K e
: L N .
2 atatalala

4

A-COORDIMRTE OF CEMTER

Tias, v

fat s

7

2’

~

Y~COORDIMATE OF CEHTER pAS
71188, 3 "

CIRCLE RADIUS

¥31.4

Fif & RAPID OREHOOWN TYFE (B3, FOR SUBMERGEMCE ELEUATION WS FREUIOUSLY SFECIFIED, [lg
TWFE 11 -
)

o e e o e
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. RN EXAMPLE PROEBLEM
S T T A ]

- FRCTOR OF SAFETY = 2.6848186812 AT < =183.7 Y =114

ERRTHQUHKE LORDIMNG FRCTOR =@

-
' DO YOU WANT A FORMAL PRIMTOUT (Y OR M7
210

= A EXAMPLE PROBLEM

134

1}
D

~ HATER UNIT HEIGHT =52.4 ERRTHOURAKE LOADIME FACTOR
SUBMERGENCE ELE!N =1848 FROM =8 TD X=132

é POINT

A—-CO0ORDIMATE
5]
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SOIL  UNIT MEIGHT COHESION PHI  SAT O v
3 1 115 26 25 1
S 2 117 28 25 A
R 2+ 120 166 25 3
4 156 1aass 45 g
-
‘ CIRCLE: %=188.7 V¥=1198.& RADIUS =31 FACTOR OF SAFETY =2.5401E613
D3 WOl WANT A DIAGNOSTIC RUN (% OR NJ7 -
T .Y'

LN
i
—1
Dat}
I

HEIGHT IHCLIMATION COHESIOM HIDOTH EFF MWEIGHT PHI
3419.83681 -4,95531439 2090 2. 843'3514

1 137.423083 26 {ol.,
e 15437.35347 -2.31352353 193 5.EB233532328  1135.233153 23 185
3 16542. 1336 2.8135338¢ 190 5.68352236 2298.17548 28 11i.
< 18617.3347 6B.11577184 %1% 3.3{547;5J 328v¥.81318 2& 11F7.
S 11212.2634 10.3152172 216 5.87@4725 4291.56784 26 123,
= 11433.2192 14.5713242 s 1o 5. 5.34?*5c 3R52.6569482 28 123,
Y - 11488.9522 18.951993¢ 515 ) 5 B425.165393 =8 2
. 2 3434.87113 23.7314E833 ciget 3.43323573 B343.37233 2R
) ] 8372.33112 27.SE71954 208 5.43923672 TF423.64569 26
19 1555.34333 34.19657314 2aa 1.121483556 1556.34333 28
11 68689.78393 32.975@27S 2 3.5 5839, Va9 26
12 4794, 2682 37.7955341 29 5.3 4734, 2822 25
13 912.86237 40.9157278 yain 5] 1.5 912.882597 2R
!l 14  1339.43512 44.0333237 29 4.314227092 13993.49512 28
. ODRIVIMG FORCE COUNTER BALAMCE 0OF 11202, 7245#. }" ]
.‘ } ‘44
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RELAELERE AL FLEELFLERSF XL XXX REERSS

FRZTOR 0OF SAFETY = 2.840918612 AT K =183.7 Y =1184.

B
D]
9

EARTHRURKE LOADING FRCTOR =@

DO YOU HANT A FORMAL PRIMTOUT <Y OR H)7?
H

OO YOU HANT A DIAGNOSTIC RUH (Y OR N7
7H

00 YOU WANT TO DEFIHME AMOTHER FRILURE CIRCLE oY OR H2»?
Y

FRILURE CIRCLE DEFINITION o
%~COORDIMATE OF CEMTER ég_i
1R, T ]
. _4

Y-COORDIMATE OF CENTER ' o]
71190, 3 O
o . 4

CIRCLE RRDIUS ey
FE1. .
FOR A RAPID DRAWDOWM TYPE <8, FOR SUBMERSENCE ELEVATION AS FREUIOUSLY SPECIFIED -

TYPE (13 '
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[R5 : b

s

A ESAMFLE PROBLEH
SEEREELELEECXE S L E XS R R ERRES R HLS

FRZTOR DE SAFETY = 1.45417852 AT ¥ =1a2.7

ERRTHOURKE LOADING FRCTOR =9
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HH EXRAMPLE PROELEM

e
Ana

.

WATER UHIT WEIGHT =52.4 ERRTHIURKE LOADIMSG FACTOR =@
- SUBMERGEMNCE ELEY =@ FROM X=8 TO X=132

POINT A~COORDIMNATE Y-COORODIMATE
_ g 1926
183 1024
132 1843 ‘
152.5 1343
172.5 1345
235 1829
(%] 1986

Z09 | 2@R T
35 1935 T
[ )

-
s

158 1073 rs
151 1027.5 o
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—_ e 0G0 ) T L e e [ e

el 153 1825 e
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SLICE

WANT R DIRGMNISTIC

HEIGHT

IMCLIMATION

-4.95521439

RUM €% OR M7

COHESION

HIOTH

".
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EFF HEIGHT FHI

1 477375 288 2.843582313  137.422@03 2k
2 2338262363 -2.01353383 198 5.83353236  1135.33153 :
3 4394.593233 2.31353368 180 5.68853238 2299.17548 22
4 F237.893687 B,11577184 288 2.37B47205 3337.01318 25
5 9136.21599 16.3152172 288 5.87047255 4291.55784  ZE
5 10327.2815 14.5713242 e 2.37947255 5852.69482 26
7 11483.9623 18.3513938 286 & 6425, 165533 26
3 34384.87113  23.3814533 Z8a 5.43923673  BI42.37233 25
3 83v2.33118 27.5571964 294 5.43929673 7433.645683  2ZE
19 1356.34339 39.1357314 288 . 1214865368 1555.3°339 26
11 6B689,7092 32.9758275 288 i EER89.7HP38 ZE
12 4734.2022 37.7555541 289 .3 4734, 2as2 26
13 912.88237 48.9187278 2ag <3 12,8629V =
14 -1393.49512 44.8333237 ' LI1422502 0 1399.43312 26 184,35711c
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< DO w0 WART TO DEFINE AHOTHER FAILURE CIRCLE (Y OR M7
7. |T|

- FAILLURE CIRCLE DEFIMITION

h

. “~CODRDINATE OF CENTER

las. v

Y-COOQROIMATE OF CEMTER
Tiioa, 2

CIRCLE RADILS
BTN

FOR A FAPID ORAWOOWM TYPE (95, FOR SUBMERGENCE ELEUATION Az PREMIOUCLY sFECIFIEUD
TYFE <13
7

CIRCLE DOES MOT INTERCEPT SLOPE

00 YOoU HANT TO DEFINE AMOTHER FRILURE CIRCLE <% COF M7
M
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/ / 2 3
2 2 3 2 )
. 2 3 4 {
4 q s |
< 5 o [
¢ 3 7 2
7 9 /0 2
- 8 /0 /11 2
. 9 /7 /2 2
/0 /2 13 2
/1 z /3 3
)2 /3 A 3
13 7 g 4
C Soil Sleer)  © (psF) & SaTurATED (1=w0)
/ /s 200 b |
z /17 zoo zb o
. 2 /20 /00 Z8 0
| 4 (rock) /50 /0,600 45 0
- i
FAILURE CirctE CEATER o
o X= 10871 Y=1lco.§8 Rmws= &l e
2y _ , i
Fer FuLL PooL : ELEVATIOM = ,/040 .
Frowr X=0' —= X=]32
oCcs CYBER 7320 - =
GTICES LEASE L SF 12 , T
-~ A=2.9% 4
: @Y
BisHor 1 SF = Z2.64 T
R
For RapPid DRAWMOWN 3 =
OCS CYBER ‘73% SE =/ g2 }f??%
STICES LEASE -
- E = A= 2. ;% :“4.::1
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Problem #2

Example Problem Presented by Cross (3].
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Cohe- Satu-
Point X Y Line Left Right Soill Soil a sion Phi rated
1 0 100 1 1 2 3 1 127 2000 20 No
2 300 100 2 2 3 3 2 130 1000 33 No
3 400 150 3 3 4 2 3 130 1000 33 Yes
4 5§00 200 4 4 5 1
5 800 250 S 5 6 1
6 1000 250 6 4 7 2
7 1000 200 7 3 8 3
8 1000 150
FACTOR OF SAFETYs 1.96 AT X= 400 Y= S00 Re 450
EARTHOUARE= 0.0%
DO YOU WISH A FORMAL. PRINTOUT (Y OR NIY
SANFLE SLOPE STARILITY PROBLEM 00 YOU WISH A DIAGNOSTIC RUN (Y OR N)Y
SLICE WEIGHT INCLINATION COMESION WIDTH EFF WEIGTM
WATER UNIT WEIGHT» 42,40 EARTHOUAKE=0.0S 1 252538, 4 -23.8 1000 23.1 4520%.0
2 385318.3 ~16.4 1000 53.1 114252, 4
SUBNERGENCE AT 150.00 FROM 0.0 10 400.0 3 482330.9 -9.6 1000 £0.0 189974.2
4 503232.6 -3.2 1000 0.0  293401.0
POINT  X-ORD Y-0RD g  726732.6 3.2 1000 $0.0  416901.0
5 0.00 100.00 6 B8%2038.9 9.6 1000 0.0  404746.2
2 300.00 100.00 ? 939262, 16,2 1000 450.0 482%16.8
3 400.00 150.00 8 992802.6 22.9 1000 £0.0  781399.0
. £00.00 200.00 9 7%9248.3 29.4 1000 a1.4  850306.4
H 4600.00 2%0.00 10 43717%.8 35.” 1000 a1.4  S76418.3
s  1000.00 2%0.00 11 %18439.1 43.4 1000 2.6 184391
?  1000.00 200.00 12 131972.9 g2.2 2000 38.8 131972.9
8 1000.00 150.00
DRIVING FORCE COUNIER HALANCE OF ?%111.11
LINE LEFT RIGHT  SOIL
1 1 2 3 ITEKATION INITIAL CALCULATFD
2 2 3 3 1 1.0000 1.8108
3 3 L) 2 2 1.8104 1.943%
4 4 < 1 3 1,941 1.9%00
S b 4 1 4 1.9%70 1.9583
& 0 ? 2 .
? 3 8 3 FACTON OF SAFETYs 1,94 AT X« 400 Y= 300 R= a%0
EARTHUUANE= 0.05
SOIL UNIT WEIGHT COMESION PHI SATURATED
1 127 2000 20 1
2 130 1000 13 H
3 130 1000 33 o

CIKCLE X-0RD Y-ORD RADIUS FACTOR OF SAFETY
400.0 300.0 450.0 1.96

Ful
3.0
3z.0
33.0
33.0
33.0
13.0
33.0
13.0
33.0
$3.0
33.0
20.0

220.38

27%.44
325.00
37%.00
42%.00
47%.00
%00
<.
4l0.71
86..13

709,13

7%4.7v
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: Example Problem Calculated by BISHOP1.

. (BISHOP1 is the slope stability program presented by Cross (3]
translated into Applesoft)

THMFLE :LﬁFh STREILITY PROBILEM

EERELLELLLF AL L L L LS LS SRS SRS S L LR L ERE

. - FRHCTOR OF SAFETY = 1.33238%517 AT ¥ =488 Y =588 RADIUS =453

ERRTHOURKE LORCIMG FACTOR =.85

' SAMPLE SLOPE STABILITY PROBLEM
RS
: HATER UNIT WEIGHT =£2.4 ERRTHOURKE LOADING FRCTOR =4S

=E2
., SUSHERGEMCE ELEY =158 FROM #=@ TQ ==d480

FOINT *-CDUFDIHHTE !

"‘.
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. 1 15a
. ff < 1ae
v i 154
. 4 Zha
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B : 257
. o) N
- v 200G
- ] =iy
L = 153
_iME LEFT PT  RIGHT FT S0IL
= -. 1 1 B -
. a r o P
- TS = o = =
- 3 2 4 e
> Q & 4 = i
R b S & I,
= 4 v z
v 2 B =
20IL UMIT WEIGHT LUHF?IHH FHI  =ATID -Q
1 127 elslult (5] 1 K
= z L34 3 ! »
3 136 22 (%)
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SLiLE

WEISHT  THOLIMATION COHESION  WIDTH EFF WEIGHT FHI

8 1 -23.57EF3SS tome 53, 4 I3 ZEAL3E
, 2 -1, 353501 1aEa 53, 1 I3 ZTI.4RLLE
- 3 -3, 5943742 19 S& 1 37 ZIS
. 4 EBZ5 =3, 133838777 1gan  Sa o 37 37E
S S B2E  3.139687F7 1gas SE 4 30 428
" = 395 9.68343742 1o S5 3 37 4TS
T B7Y3  16.15541%1 tega S@ £ 33 52N
- 2 4B 22.3235296 1goa 5S4 7 = I3 75
B 9 273 23.418457S 1993 41,.4213565 & 3 I3 ORIALTISETE
15 5. T54 39.8338236 198 41.4213562 5 3 37 AR2.1322435
- 11 LBEZ 43.5e518091 1398 S2.SET4E44 S a 32 oA 1EEES
:{ 12 4 S2.2297924 2898  25.7555423 1 29 IA VoS4, FETIES
e TEILIMG FORCE COUMTER BALAMCE OF TS1il.llics, o

4
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b
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. AeFLE SLOPE STARILITY PROGLEM .1

FOCTOR OF SAFETY = 1.3523Z6517 AT ¥ =408 Y =200 RaADIUD =450 N
.-‘

o ERRTHRUAKE LOADING FRCTOR =.0%5 "

Results

Method Factor of Safety f’g

Cross [3] 1.96

BISHOP 1 1.958
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CHAPTER V

- FLEXIRLE PAVEMENT DESIGN (AASHTO)

5.1 Problem Definition

AASHTO 1 is a computer program for the design of flexible
T pavements. AASHTO 1 is based on the design equations developed
from the AASHO Road Test performed in 1958 by the American

é Association of State Highway Officials [l]. (See Figure 5.1.)

Layer # a

- N N . - v]r-
~ 1 A(l) : e D(1)\ Asphaltic
- _f;/_;>h__ —_— _571—- - — -J%- concrete
2 A(2) - / - . D(2)
e d . ol - 1
_ A >

d D AN
3 Al3) <5:> Vs ~ <:i>> D(3) ) Crushed
A = | Stone
; % q 1
d . _X—_ T
4 q . ‘ :‘
‘ . , . ’ (D(4) ) stabilized o
x - v L ol
- \\ N\ \ \\\\ > Subgrade ::;j:‘
a - structural coefficient o
. )
L D(i) - layer thickness @

Figure 5.1. General Problem Definition.
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AASHTO 1 is composed of two basic programs. The first
program calculates the required thickness of a layer given
ot the required design parameters and the characteristics of
the other layers. The second program calculates the number
of equivalent 18 kip wheel loads the pavement can endure
over a projected 20-year service life. Both programs calculate
the structural number.

5.2 Background Theory

5.2.1 General
ﬁ The AASHO Road Test was performed in Illinois from
1958 through 1960. The test consisted of several pavement

types constructed in a race track configuration. The pavements

. were subjected to various wheel loads and durations. So much
data was collected that it took two years to produce the j.i
results and recommendations extrapolated from the test.

ol The scope of the test was to produce a standardized design ~g1

based on the useful service of a pavement versus theoretical ,ij

structural design criteria. Rigid and flexible pavements

were considered. This report deals only with flexible pave- - @
ment design.

5.2.2 Flexible Pavement Construction

A flexible pavement consists of structural layers.
The capacity of a layer to distribute load decreases from

the top layer down to the subgrade. 1In general, a flexible

pavement consists of a bituminous surface course, a base,

and a subbase which in turn rests upon a soil subgrade.
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The surface course is usually made of asphaltic concrete
and is capable of distributing a wheel load to the base
with a minimum amount of distortion or consolidation. By
distributing the constant pressure of a wheel load such
that the pressure is reduced at some finite depth, the base
can be made up of a material which is less structurally

capable than the surface course. This rationale applies

to the subbase as well as the subgrade soil. From the o
AASHO Road Test, minimum thicknesses for flexible pavement ;f
: E layers were established as follows [1]: ;’
) Surface Course 2 inches ;;
; Base Course 4 inches f
' Subbase Course 4 inches i
In many cases a subbase course is not used and the
base course rests directly on the subgrade soil. ';
n 5.2.3 AASHTO Design Considerations [
5 E The principal factors of the AASHTO pavement design
3 ﬂ; are [(2]:
| a) magnitude, method of application, and number of ®
f » wheel loads
b) function of pavement and base in transmitting the
- load to the subgrade ?
c) measurement of the subgrades ability to support EE
the transmitted load ;2
! [ 4

ow T e L e . o . \‘_'

- ) T ot o .t « T T e et . . e - -
1 st o ala s Sdena s et et a X et o o o o g - oa e L o a2 h- = el o B o S M PO T gt gt S
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5.2.3.1 Equivalent 18-kip Loads

The AASHTO design considers the number of equivalent
18-kip wheel loads (E-18's) applied to a pavement over a
particular service life. Several methods of estimating
this quantity have been established by various transportation
and highway organizations. Methods range from traffic counters
with load meters to extrapolating historic data. In many
cases, organizations will expend more funds on collecting
this data than can be rationalized for its intended purpose.

ﬁ Historic data will usually suffice as a means of projecting

. anticipated wheel loads. This is especially true when new

interstates are being constructed as other factors will

. influence usage such as route direction, load limitations,
city connections, and other regional limitations. Large
amounts of data exist for equating given loads and load

] configurations to 18-kip single axle loads. Service organiza-

: tions must adapt a method of calculating E-18's best suited

for their region.

5.2.3.2 Soil Support

In the AASHO Road Test, a soil support value of 3 was
established to represent the subgrade soil used which was
" an A-6 soil [2]. Crushed stone with a California Bearing
Ratio (CBR) of 200 was assigned a soil support value of 10.
The soil support value of various soils have been estab-
- lished by different service organizations. Figure 5.2 and

Tables 5.1 through 5.4 represent a selected group of soil
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Table 5.1. Maximum Recommended Soil Support Values [6]. -j;
i1 L
Classification Description Sgggzitsgilue o
Largely gravel but can Eft
A-la include sand and fines 6.5 e
A-1b Gravelly sand or graded 6 jk?f
sand; may include fines =
A=2—4 Sands, gravels with low 5 S
plasticity silt fines e
2-2-4 Micaceous silty sands 2.5 - 3.0 S
Sands, gravels with Qli
A=2-5 plastic silt fines 4 ]
A-2-6 Sands, gravels with 4.0 - 5.0 f:f
clay fines S
Sands, gravels with D
A-2-7 highly plastic clay 4.0 SN
fines L
A-3 Fine sands 4.5 T
Low compressibility o
A-4 silts 4.0 - @
s
High compressibility jff}
silts, micaceous silts »
A=5 and micaceous sandy 2.3 = 3.5 U’ﬂ
silts S
A-6 Foy §o medium compress- 3.5 ~ 4.5 o
ibilicy clays o
High compressibility ';iﬁ
Ae? clays, silty clays and -4 S
high volume change DR
clays ]
-
I
)
-
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= ' Table 5.2. Soil Support Values [2].
-
NS B ‘ | CAUFORNIA BEARING RATIO (CBR) L
2 3 4 : 6 7 8§ 9 10 15 20 hlo} 40 50 60 70 8Q 90 109D j
- AASHO SOIL CLASSIFICATION
P ala /////,;,,{1/3,;2‘
r. ///////////////////// L w3 0 //// % /{////.w
vs \\\\\\\\\\\\\\\\\\\\\\\M\\\N\\\\\\\\\
.~ i
| \\\\\\\\‘\\\\\\\\\\\\\ '\\\\‘M‘\\\ R R
L 00 s . s s v
UNIFIED SOIL CLASSIFICATION T
SE \NEINNNNNNEINN\ e NS
o . ~ . - Z
-~ \\\\\\\\\\\m\\\\\\\\\\\ NN
I -
M\ ,
. s~ ) M,
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n Table 5.3 Summary of Laboratory Test Results Repeatability Study, State of Utah [1].
. ' _ ) AASHTO
Soil Soil Dynamic Static 3-Point R-Value R-Value
Type Support CBR CBR CBR (240psi)* (300psi)*
e A6 39 49 7.2 1.9 8.4 120 |
A4-5 49 8.9 8.0 5.2 10.5 14.8 \
A-24 7.2 38.9 42.6 9.9 68.2 72.2 |
- A-19 8.4 78.0 116.5 17.2 75.5 7.2 |
* Exudation pressure

SOIL SUPPORT VALUE (S)

1.0 2.0 3.0 4,0 5.0 6.0 7.0 8.0 9.0 10.0
1 1 1 1 1 !

|
rTTiTrT 7 LA B S e R | f
3 10 20 30 40 %0 100 200

CALIFORNIA BEARING RATIO (CBR)
Figure 5.2. Soil Support Values [1].

Table 5.4. Soil Support Values ([5].

RELATIONSHIPS BETWEEN SOIL TYPES AND BEARING VALUES*

Subgrade k-value Soil Support Value
Type of Soil strengch | Range, psi (§.5.V.)

Silts and clays of Very low 50
high compressibility
‘natural density
funcompacted)

Silts and clays of Low 100
high compressibility
natural Density
(compacted)

Fine grain soils in Medium 100 - 150 2.7 - 4.3
whach silt and clay
size particles pre-
dominate (compacted)

Poorly graded sands High 150 - 220 4.3 - 6.0
and soils that are
predominantly sandy
with moderate
amounts of silts and
clays (compacted)
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support values based on widely varying soil characteristics.
Each organization must adopt a means of evaluating the soil
support values which best suit the soils encountered in

a particular region.

5.2.3.3 Terminal Serviceability Index

A significant concept developed by the Road Test was

the Terminal Serviceability Index (P_). The P is a quali-

t

tative measure of the final condition of a pavement at the

end of its design service life. The Pt scale is from total

falure at 1.5 to outstanding at 5.0; 3.5 to 5.0 corresponds

to poor to outstanding new construction, respectively. For

design, a Pt of 2.5 applies to the minimum serviceability

‘ of an interstate highway; similarly, a Pt of 2.0 applies

to secondary roads.

5.2.3.4 Regional Factors

u In an effort to apply the general design equations
developed via the Road Test to other regions, a rec onal
factor was introduced such that environmental factors not
encountered in Illinois could be incorporated into the design.
The regional factor can incorporate the following parameters
[1]:

a) topography

b) similarity to the Road T: st location

£ 5 a2 &

c) reinfall

N 3 . : I .
‘@ o e
.I o

L4 d) frost penetration

° oty

:“ ‘,vl.‘j.'..‘. .‘4.
A! [ ‘g‘ Sy ':' ’

e) temperature
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f) groundwater table
. g) subgrade type
h) engineering judgment
i) type of highway structure
= j) subsurface drainage
‘ Figure 5.3 is a general guide for the selection of
a regional factor. The scale varies from 0.5 to 4.8. The
h lowest values apply to permanently frozen or consistently
X dry roadbed materials. The upper values apply to severe
frost heave conditions and other mechanisms which rapidly
accelerate pavement deterioration. The value used for the
road test was 1.0. AASHTO recommends the following as

a crude guide.

Table 5.5. Regional Factors [1].

Condition R value

Roadbed materials frozen to depth of 5 in. or more 0.2
Roadbed materials drv, summer and fall 0.3-
Roadbed materials wet. spring thaw 4.0

Historical data of pavement performance in relation to the

number of annual freeze-thaw cycles, steep grades with large @

5

|

3

volumes of heavy truck traffic, and areas of concentrated ?J
;

turning and stopping movements can be useful in evaluating )
1

an appropriate regional factor.
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‘(' 5.2.3.5 Structural Number

The E-18s, regional factor, soil support value, and
terminal serviceability index represent various components
influencing the design of a flexible pavement. To combine

the above parameters into a value which could be translated

into a pavement design, a structural number (SN) was intro-~

duced. The structural number is a value calculated from
(. the above parameters and is the sum of the layer thicknesses

multiplied by their appropriate structural coefficients.

where,
a; = structural coefficient of layer i
D; = thickness of layer i (inches)

The structural number is abstract but relates to the strength
of the section.

5.2.3.6 Structural Coefficient

The structural coefficient is a measure of a layers ability
to transmit load. As previously discussed, the surface _;'}
course will have a higher structural coefficient than a - ;

!

layer less capable of distributing a load to a lower layer.

Tables 5.6 through 5.9 relate structural coefficients to
various construction materials. Many service organizations

develop their own correlations to best suit their situation.
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- Table 5.6. Structural Coefficients [1].

Structural Layer CoefTicients Proposed by AASHO Committee on Design,
s October 12, 1961

<. Pavernent Component Coefficient’

Surface Course

Roadmix (low stability) 0.20
Plantmix (high stability) 0.44¢
Sand Asphalt 0.40
Base Course
Sandy Gravel 0.07*
Crushed Stone 0.14°
Cement-Treated (no soil<cement)
Compressive strength @ 7 days
650 psi or more* (4.48MPa) 0.23?
400 to 650 psi (2.76 to 4 48MPa) 0.20
400 psi or less (2.76MPa) 0.15
Bituminous-Treated
Coarse-Graded 0.34?
Sand Asphalt 0.30
Lime-Treated 0.15-0.30
Subbase Course
Sandy Gravel 0.11*
Sand or Sandy-Clay 0.05-0.10

* Established from AASHO Road Test Data

' Compressive strength at 7 days.

! This value has been estimated from AASHO Road Test data, but not to the accuracy of
those factors marked with an astenisk.

* [t is expected that each state will study these coefficients and make such changes as
experience indicates necessary.
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Table 5.7. Selected Structural Coefficients Used by Various
Transportation Organizations in the AASHO Interim
Guide Design Method [§] .
Structural Coefficient
Pavement Component
Fla. Ga. Md. s.c.
I. Surface and Binder Course (al)
(5) €8]
Asphalt Concrete 0.2-0.4 0.44 0.44 0.44
Bituminous Surfacing .- - - 0.35
II. Base Course (a,)
2 (%)

Asphalt Concrete 0.21-0.30 0.30 0.28 0.34
Sand-Asphalt 0.12 0.28 0.20-0.25
Soil Cement 0.22 0.20 0.28 0.20
Graded Aggregate 0.18(2) 0.14 0.12-0.20
Cement Stabilized Graded 0.22 0.22 0.34

Aggregate

Sand Aggregate - - 0.14 -
Sand-Clay CBR > 49 0.12 - - -
Limerock CBR > 80 0.15 -~ - -
Limerock Stabilized 0.12 - - -

Base. CBR > 56 )

III. Subbase (a3)

Graded Aggregate 0.14 - -
Topsoil or Sand-Clay 0.10 - -
Gravel or Screenings - - 0.07 -
Soil Aggregate - - - 0.08-0.12
Cement Stabilized Earth - - - 0.15

Georgia uses a coefficient of 0.44 for surface and binder to a depth of 4.5 in.
(110 mm).

When compacted to 1002 of T-180 density.
Subbase coefficients are used in Georgia below a depth of 12 in. (300 mm).

The Florida DOT uses the following structural coefficients for different base
mixes: (1) Type I, 500 1lb. Marshall stability, a;=0.21; (2) Type II, 750 lb.
Marshall stability, ap=0.25; (3) Type III, 1,000 1lb. Marshall stability,
a,=0.30.

The Florida DOT uses the following structural coefficients for different surface
mixes: Type S1, 1,000 1lb. Marshall stability, aj; =0.40; Type S2, 1,000 lb.
Marshall stability, ap=0.20; and Type S3, 750 1lb. Marshall stability, a,

=0.30.
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. Table 5.8. Pavement Coefficients for Flexible Section Design, Louisiana (1]
- Strength Coefficient
: I. SURFACE COURSE :
Asphaltic Concrete
N Types 1, 2 and 4 BC and WC : 1000+ 0.40
- Types 3 WC 1800+ 0.44
i BC 1500+ 043
- Il. BASE COURSE
-a‘ UNTREATED
Sand Clay Gravel — Grade A 3.3- 0.08
Sand Clay Gravel — Grade B 35- 0.07
Shell and Sand — Shell 2.2- 0.10
- CEMENT-TREATED
Soil-Cement 300 psi+ 0.15
- Sand Clay Gravel — Grade B 500 psi+ Q.18
. Shell and Sand — Shell 500 psi+ 0.18
* Shell and Sand - Shell 659 psi+ 0.23
LIME-TREATED
Sand Shell 2.0- 0.12
Sand Clay Gravel - Grade B 2.0- 0.12
ASPHALT-TREATED
Hot-Mix Base Course (Type SA) 1200+ 0.34
Hot-Mix Base Course (Type 5B) 800+ 0.30

SUBBASE COURSE

Lime-Treated Sand Clay Gravel — Grade B 2.0- 0.14
Shell and Sand-Shell 2.0- 0.14
Sand Clay Gravel — Grade B 3.5- 0.11 E
Lime-Treated Soil 3.5- 0.11 . OIS
Old Gravel or Shell Roadbed (8” thickness) (200 mm) - 0.11 N
Sand (R-Value) Ss+ 0.11 S
Suitable Material-A-6 (P1 = 15-) - 0.04 SRR
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5.2.4 AASHTO Equation o
4 _
.c The general equation developed by AASHTO is as follows: Ad
Y
log [(4.2-Pt)/2.7] ]
log W18 = 9,36 log (SN+1l) - .2 + e 1553 [;
: 5.19 ”D{
- (SN+1) .
i
|
b‘: l .-
~ + log z .372 (Si 3.0)
where,
. = - ' :
i W18 E-18's, single axle loads
, SN = structural number
N P, = terminal serviceability index
" R = regional factor
Si = soll support value

< (log = natural logarithm)
The structural number is calculated by iterative trials

given W 2 R, and Si'

18’ “t’
Nomographs were developed for terminal serviceability
indexes of 2.0 and 2.5 and are presented in Figure 5.4.

After calculating SN with Si and W a weighted or design

18’
SN is calculated using the regional factor.
Figure 5.5 relates the variation of wheel load type

to the structural number with all other parameters

normalized to the road test; i.e., S.l = 3.0 and R = 1.0.
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Figure 5.5. AASHO road test relationship between thickness index and axle loads
at po= 23, [2] .

5.3 Program Rationale

AASHTO 1 is designed to provide the user the ability

to approach the design problem by two avenues. Given the

regional factor, soil support value, and terminal service-

ability index, the user can input the pavement layer charac-
teristics and calculate the number of equivalent single

axle 18-kip loads the pavement can expect to endure. Similar-

ly, the program can calculate the required thickness of

a layer given the regional factor, soil support value, terminal

serviceability index, E-18's, and the characteristics of

the other layers (see Figure 5.6).
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Originally, the author intended to create a matrix

of possible layer thicknesses but due to the limited capacity
of the miniature computer, this idea was aborted. The pro-
gram was then designed to allow the user to quickly change
thicknesses and structural coefficients in successive runs
without inputting repetitive data.

The output was designed to resemble a layered system
with input variables and other calculated data presented
below the output. This format allows the user to correlate
data from different runs with the maximum of ease.

5.4 Program Use and Limitations

5.4.1 General

AASHTO 1 is user oriented. Input is prompted by state-
ments and questions which clearly identify the input require-
ments. As with any program, the user should have the input
ready prior to running the program. If several runs are
to be executed, the user should prepare a chart of required
input variables. This method will eliminate most errors
associated with mistaken or improper variable input.
5.4.2 Input

As previously mentioned, AASHTO 1 is composed of two
parts. One portion of the program calculates a required
thickness given all other data, and the second portion cal-
culates the equivalent single axle 18-kip loadings. The
user will be prompted to choose which option 1is to be run.

The user must input the number of runs to be made with the
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portion of the program previously specified. After the 'j

®

ﬂ runs are completed, the user may then opt to run the alter- 1'

nate portion of the program or more runs of the same. Each
time a new set of runs are specified, all input must be 3
re-entered. {
The following is a list of required input. The input
l; differences between the two programs will be discussed later —
in this section. N

a) soil support value

‘; b) terminal serviceability index S

¢) regional factor

d) E-18's R

l e) number of layers .‘
. f) layer number for thickness calculation )
g) layer number i

= h) structural coefficient ce i
- i) layer thickness ]
T? When the user has specified an E-18 calculation, input 75
d) and f) will be emitted; conversely, for a layer thickness .;

calculation input i) will be emitted for the layer specified ;f«

) for thickness calculation. Although 1t 1is recommended to t;a
= number the layers successively from #1 for the top layer .j
to #i1i for the ith layer, this 1s not required. The user 'E

will find the output format suited to numbering layers in ‘_i

® this fashion. “fi
E

;

) .

L > « . . N . .
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5.4.3 Options
_. AASHTO 1 provides the user with tables of typical values

of soil support, tersmninal serviceability index, regional
factor, E-18's, and structural coefficients. The user may
access these charts by inputting 0 (zero) 1instead of the
non-zero variable requested. After inputting 0, the chart

o will appear on the monitor. When the user is finished re-
viewing the chart, the user will again be prompted to input
the required variable. The charts are derived from those

: presented in Section. 5.2.

As previously described, the user has the option of

g calculating a layer thickness or the number of equivalent

. single-axle 18-kip loads.

5.4.4 Limitations

The user is limited to specifying ten layers. This

- limitation is due to memory capacity. If the user requires
more layers, there are no constraints in the program to
prevent inputting more than ten. The user should not attempt

to input more than ten layers. If an out-of-memory error

results, the user must reduce the number of layers.
The inherent limitation of AASHTO 1 is the basis and
validity of the AASHO Road Test eguations. The user 1is (] |

urged to study reference #4 for an evaluation of the guile.
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5 Program List

N 5

: HONE

8 i IFEED= 1S

- o3 BPRINT ¢ S R X R T
12 PRIWT * * AHRSHTO ="
4 FRIMT © rErErEreEs"

—
(gl

FRIMT : PRIMWT : FPRIHNT
FRINT "OAMA K, EOOY, S7V3-20-2373

- FRINT "GA. IMSTITUTE OF TECHMOLOGY" 1
- FRINT "SCHOOL OF CIUIL EMGIMEERIMG! -
FRINT "DEPARTHMEMT 0OF GEOTECHHICAL EMGIMEERIHMS" T
PRIMNT : FRIMT : FRINT o
FRIMNT “SYSTEM HARDWARE: AFPLE I1 PLUS &4k D" S

FRIMT "SYSTEM HARDOWARE: 003 3.3, APPLESOFT BRASIC LAHGURAGE" Tjir
FRINT "PROGRAM DATE: JULY, 1323¢ o
FRIMT @ PRINT

FRINT : PRIWT

FRIMT "RASHTO 13 BASED OM THE ARASHTO IWTERIM SUIDE FOF THE DESIGH OF F
LEXIBLE PRUEMEMT STRUCTURES, 197Z2."

ﬁ; 23 PRIMT : PRINT : FPRIMT "{PRESS3 THE SPHRCE BRAR TO COHTIMUE>"
e 1%
4

NI N IO O (I 3 AR URRR

Gl el Cad Gad ek F1 P T P T —

10 POKE - 18ZR3,80
1 CH = PEEK ¢ = LEZ240

o 42 IF CH < > 160 GOTO 46 B
o +4  SFEED= 255 Y
45 HIOME L

: tad PRINMT "USER IMPUT QUESTIONS RMD COMMAMDS HWHICH ARE FOLLOHWED BY o+ HR
' E SUPPLEMENTED BY LISTS AMD TABLES. TO ACCESS THE LIST OR TRELE TYFE
CBy IMSTERD OF THE APPROPRIATE UALUE 1JF THE UARIABLE REQUESTED.™
118 PRIMT : FPRINT
{15 IMPUT "PROBLEHM HERDIMG  “5HF e L
117 FRINT : FPRINT S d

123 IHMPUUT "TO CRLCULATE THE THICKMESS OF A PARTICULAR LRAYER, TYPE o1l »; TO @ﬂ.;

= CALCULATE THE MAXIMUM MUMBER OF EQUIVMALENT 12-KIP LOAD=Z, TYFE <20, " -;af
iEB N

130 FRIMT : FRINT )

138 IHPUT "HOW MAMY TRIALS 03 Y0 HANT TO RUMY ;2 o

153 PRINT ¢ FRINT R,

ted  IF BB = 2 THEH 134 @

179 THPUT "HWHRT IS THE CALCULRTIOM TOLERAMCE ¢REC-Ds @10, ";7L ]

12 FPRINT @ FPRINT .

(38 [MPUT "SOIL SUPPORT URLUE C#3 = M350 : 1

208 FRINT @ FRINT N

2ha  IF 51 & @ 50T0D 244 RS

- 228 GDSUB 2998 ®

2330 RATO 198 ]
14 IMPUT "TERMIMAL SERICEABILITY IMDEX (&3 = ";PT

]
4}
M

FRINT : FPRINT

e IF PT » @ G0To 239 e

- ZVa S0sSUB 2o B
° TEa GOTO 248 Nt
’ S8 [HPUT "REGIOMAL FRACTOR (x5 = ";RI 4
Zon FRINT @ FRINT i‘ﬁ

aie IF RID - @ 3070 248 N

IS0 ROSUE 4400 S
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pOTO 238
IF B = 2 GOTO 18916@

INPUT "# OF ERQUIUALENT SINGLE RXLE 13-KIP WHEEL LOADS C¢*3 = ";HI

PRINT : PRINT

IF WI > B B0TD 379
/OSUB S@a9

50TO 358

n=4d

A= 1YY = 3322 = 8

RL = LoOG (HI> ~» 2.3626

A2 = .2

HZ = LG <(4.2 - PT» ~» 2,73 » 2.3%25

R4 = LOG (1 ~» RI» » 2.30328

RS = V375 ¥ (31 - 3.8

HR = Rl + A2 - R4 - AS

RB = (4,855 *« LOS (X # (.4 % 5 ~ 5,19 + (@340 + HI # X
£ ] 16834 5

IF ¥¥ > S GOTOo S16
IFAB » =PAR - TL » 2 AND AB < = RA + TL ~ 2 307D Si4
IF RE < AN E0TO 499
IF ¥Y = @ GOTO 474
IF Y =1 AND 22 = | GATO 474
TL = TL ~ 18
= =8 -TL
22 =1
GOTO <448
IF 22 G F2TO 434
IF 22 1 AHD vY = 1 G0TO 434
TL = TL ~ 18

HIOHE

PRIMT "ahiniis

PRINT "TRIRL #"H

PRINT "iiimiin

PRIHT : PRINT

PRINT "STRUCTURRBL HUMBER ="NN

FRINT : FRIWT

IMFUT "SPECIFY # OF LAYERS (HAX-13)>. ";H
PRINT ¢ PRINT

IMPI)T "LAYER # FOR THICKHESS CALCIHLATION. "L
FRINT ¢ FRINT

FOR T =1 TQ M

PRINT "®#txts3sssctsrssssene"
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| | .. 577 PRINT e me———r T T
pe 258 INPUT “LAYER #. ";Y¥
S33 PRINT : PRINT
: E39  IMPUT "STRUCTURAL COEFFICIENT (%5 = ";ACY)
: 518 PRINT : PRINT
520" IF ACY) > 6 GOTD 545
- E30 GOSUB 5000
- S48 BOTO 608
545 IF I = L GOTO 79@
ES®  IMPUT "LAYER THICKNESS ¢ INCHES) = ";D(%3
S68 PRINT : FRINT
7O IF OCYD > @ 30TOD 799
638 GOSUB 7099
. L33 BOTO BSE
" 7aE  NEAT I
' T1® 5C =9
. 728 FOR I =1 TO M
N 73 IF I = L G0OTO 7S@
5 740 SC = SC + DCI) # ACID
750 MNEAT I o
Fea IF SC < SM GOTO 339 T
s |

PRINT "## HARMIMNG #% INPUT LAYERS SARTISFY MIMIMUM STRUCTURAL REDLUIRE f*
MEMTS,. " RS

PRINT : PRINT

IMPUT "TYPE <13 TDO REENTER URRIABLES, TYPE (2 TO EMD PROGRAH, ";00

FRIMT : FPRINT

IF OD = 1 G070 S2a

GF0TO 1498

Ocl> = M »~ ALY ,

FOR I =1 TaH N J
IF I =L @070 27a .

@

P o 0 G
DG

oo 0 OO g )

QoL = DCl) — ACTD « OCI) ~ ACL
MERT I

ool
QLo

(RO
LK I SN |

e
Do UIIDACIA

DT N S,

Wonn
—t
=z
3
o

MU DR
.
@
il dinafnde

GO 0 D a0 K gD 0 g 00 00 0 D0 O
-,

PRINT "TRIAL #"H

PRINT "#esxsece"

PRINT : PRINT

PRIMT "LAYER","STR'L COEFF.","THICKMESS" g
FOR I =1 TO H -
PRIMT SPCC Z9I,ACT 3,001 -®
HERT 1

PRINT

FRINT "STRUCTURAL HMUHBER ="SM

@ DiLy = OCL)y ~ 198 "
W2 L$ = CHR$ (43: FRIMT L3¥;:"PR# L Ql
35 PRIMT @ FRINT @ FRINT qu
D5 PRIMT i s s s r s o
97 PRINT H#f -
B2 PRINT M Sl oo "
33 PRINT : FRINT @

PRINT s s s as oo s : J
3
N

KRR O U
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1885

1865
- 1819
1815
1815
1617
1313
1819
1829
- 1835
N 1949
' 1845
1647
1950
1650
1870
192a
1933
1166

- 1118
i 112¢
1138
1143
1153
1153
1151
= {163
1165
LLET

.

— 1
[xx]

B -
— e
-4

— o 0 T
WD

o
[2d Tdor-
Ul

D

A R R e PR -
S Te e NN e B I I S Lt .
SALALAT At gt gt ot e L A N et g

PRINT
PRINT "EQUIUALENT SINGLE RAXLE 138-KIP LORD ="HWI
PRIMT : PRINT : PRINT
PRINT L$;"PR#38"

MEXT H

FRINT L$;"PR#3"

60TQ 1379

FOR H=1T0 2

HOME

PRINT "oglelgioisianm

PRINT "TRIAL #"H

PRINT “axii:inmnm

PRINT : PRINMT

INPUT "“SPECIFY # OF LAYERS (MAX-19> "“;N °
PRIMT : PRINT

FOR I =1T0H

PRINT "##%4X¥$54X£XXFEXEEEETESF"

PRINT

INPUT "LAYER # =";V¥

PRIMT : PRINMT

INPUT "STRUCTURRL COEFFICIENT (%> =";RA(Y)>
FRINT : FRINT

IF R{¥> » 3 c0TOD 112w

S0SUE £1B399

30TH 1878

INPUT "LAYER THICKMESS (IMCHES» = ";;0(¥)
FRINT « PRINT

IF ODiYx > B G0TD 1161

GOSUR vasa

MEXT 1

ZH = @

FOR T =1 TOH

SH o= SH + ACIy « DCIo

.38 =
-

SO VO (TS O T (YR TR O R

\
v LIV #0351 - 3.8
1278 Bl B2 - BZ + B4 ~ BS + BS + BV
- 1248 HI ExXP (2.78258 % Bl
12364 WI IHT CKHI
1Zed L CHR$ o4 PRIMT L$;:"PR#1"
{&e1l  PRINT @ PRINT : PRINT
LZE2  PRINT MRs s s s Sl Ol "
. 122 PRINT H$
i‘ LIES PRIMT S i s s s s s s v
- 12ES  PRIMT @ FRINT
1278 PRIMT "TRIAL #"H
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PRINT "s#xxsxxx"

PRINT

PRINT "LAYER","STR‘L COEFF.","THICKMESS"
FOR I =1 TO H

PRINT SPC{ Z I,RACIN,D(I

NEXT I

PRIMT : PRINT

PRINT “STRUCTURRL NUMBER ="SM

PRINT

PRINT "EQUIVUALENT SINSLE RALE 13-KIP LORDS ="HI
PRINT L$;"FR#a"

NEXT H

L% = CHR# (4:: PRINT L$;"PR#1"

PRINT : FRINT :
PRIMT "SOIL =UPPORT URALUE ="SI

FRINT

PRINT “TERMIMAL 3ERVICERBILITY INDEX ="PT
PRINT

FPRIMT "REGIOMAL FRCTOR ="RI

PRINT L#%;"PR#3"

INPUT “DO w0} WANT TO RUN ANY MORE TRIALS (9=N], 1=YES»? ";0i
PRINT PRINT

IF o1 B 307D 14983

INPUT "FOR R LAYER THICKNESS CRLCULATION, TYPE(13; FOR AN 13-KIP LR -
DING CRLCULATION, TYPE{2). ";EE

PRINT : PRINT

GOTO 146

HDME

PRIMT "THAME YOI FOR USING RASHTO

FRINT

PRINT "BYE-BYE"

EHD

HOME

PRINT THRB: 12»"20IL SUPPORT LIALLE"
PRINT TABC( 172 {ARSHO"

PRINT THAB{ 121"#3X455%%FF¥EFEXTEHE"

PRINT

FRINT " SOIL DYNAMIC STARTIC RASHO  HMIDULUSY
PRINT " SUFPORT CER CBR 3 PT. MR
PRINT " UARLLE PaI"
FRINT

FRIMNT TRBL S0"3 =—==— B3 -—— 73 - 14,3 -—= HRA"
PRINT TRB( S3'7 ==== 35 -—— 28 - 8.73 == HA"
PRINT TRB( S1"8 -=--- 17 --- 13 - BE.73 -— ZzZ0a"
PRIMT TRB¢ S5 -=-—— 2 --- 11 - 4.5 -- 400"
PRINT TRB( S1"4 =—== 5 --= B - 2.5 -= 448"
PRINT TRB( S"3 ~——=— 32 -—-- 2.2 - 1.25 -- Zaoa"
PRIMT TRB. S3"2 ==-= 1,5 -—— 1.3 - 8.58 —-- z2loa"
PRINT TRE{ S3"1 -——-= 0.9 —— 8.5 - 8,25 -— HNR"

PRIMT : FRIMT : PRIMT
FRIMT : PRINT
IF 2t =1 GOTO 23099
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"

2268 PRINT "(TO CONTINUE LIST., PRESS SPRCE EBRR " .'
2219 POKE - 183B2,9:CJ = PEEK ( - 15324) S
. 2215 IF CJ < > 188 GOTO 2219 ]
R 2323 HOME o
. e3al  PRINT TRBC( 12)S0IL SUPPORT URLUE" -
23082 PRINT TABC 172"C(5A DOTO" "o
- 23893 PRINT THBC 120" %F£EEREEREEXFEERE" It
: 2304  PRINT S
2395 PRINT THB( S)"REGIONM SOIL SUPPORT UALUE" ) e
. 2305 PRINT e
: 2397 PRINT TAB( 7 "PIEDMONT 2.5-3.9" j;j
2383 FPRINT -~y
} 2393 PRINT TAB( 7»"COASTAL PLAIN 4.8-5.3" e
. 2318 PRINT e
- 2311 PRINMT TRB( 7"WALLEY 3 RIDGE 2.5-3.9" . o
2328 PRINT : PRIMT : PRINT : PRINT : PRINT : PRINT : PRINT : FRINT : PRINT ..~
. : PRINT "
B £322 IF Cl = 1 0TO 2945 @
2325 PRINT "TO CONTIMUE, PRESS SPACE EBAR" 0
2339 POKE - 168353,8:CK = PEEK ¢ - 15384) yﬁ
2335 IF CK < > 188 GOTO 2339 g
2oy IF C1 = 1 GOTO 2345 s
2929 HOME 7]
. 2325 IWPUT “"DO YOU WANT THIS LIST IM HARD COPY (B=NO, 1=YES)7";(1 ﬂ.1
. 2933 IF C1 = 9 G0TD 2359 -
2935 L$ = ©CHR$ (47 PRINT L$;:"PR#1" L
-, 2943 GOTO 2181 e
o 2345 PRINT L$;"PR#a" B
- 259 Cl = @ "]
2355 RETURM e
- Io@H  HOME - e
K 7191  PRIMT TAB( 4»"TERMINRL SERVICERBILITY IHODEX, FT" R
2182 PRINT  TREC 16 2"CRASHTO ]
. 2183 PRINT  THB( 41" 5#5#£E 80255500 RFERF XSRS RTE 21040 1
2184 PRINT T
2155 PRIMT  TRABC 4 “CLASSIFICATION FT" - @
2196 PRINT "3
3197 FRIWMT TAB( 4 "PRIME ROUTES, HMAJOR 2.5 =
2182 PRINT Tagd SO"ARTERIALS,EXMPRESSHAYS:E" o
. Zi93  FRIWT Y
. 2118 PRINT TREC 4 3"PRIME SECONDARY RIUTES, Z2.z25" *;
— 3111 PRINT TRE? S)"IND. & COMM. STREETS" . @
3112 FRINT :
IL13  PRINT  TAB: 4 "MIMOR SECONDRRY ROUTES, Z.a"
3114 FRINT TABC SO"RESIDEMTIAL STREETS." :
3115 FRIWT TEBC S "PARKIMG LOTS" 1
o 3116 FRINT e
) I117 PRIMT TAB( <+ "FAILURE, DEFINED BY
) I113  PRINT  THEBD S»"RASHTO"
) TEaEd PRIMT @ PRINT
. 3285 PRINMT : PRINT
L
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IF D1 =1 30TD 33945
PRINT "TO CONTINUE, PRESS SPACE BAR"
POKE - 16363,0:DI = PEEK ( -~ 183843
IF DI < > 168 GOTO 3224
HOME
INPUT "DO ¥DU HWANT THIS LIST IN HARD COPY (B=N0Q, 1=%ES»7";01
IF DI = 9 GOTD 3950
L$ = CHR$ (422 PRINMT L$;"PR#1"
G0TO 3181
PRINT L$;"FR#2"
0t =0
RETURN
HOME
FPRINT TRB! & )»"RECOMMEMDED REGIONAL FQlTDRS"
PRIMT TRAB! 1S3"FOR GEORGIA"
PRINT TABL B)"¥¥XEA£64EX¥FEX XXX EEFEEERERES"
FRIMT
FRINT TARB: 192"ARER FACTOR"
FRINT
FRIMT THE: 6' CORSTAL PLRAINS 1.4-1.7"
FRINT TAEB: 7)>"-SAUANNAH 1.7"
PRINT
PRIMT THBY EY'PIEDMONT 1.5-1.3"
PRINT TRE( 7T>»'-ATLAMTA 1.2"
FRIMT TRB: “'"-HHPDN 1.6"
PRINT TRB:. 7»"-COLUMBUS 1.:3"
FRINT TARB: 73"-AUSUSTAH 1.5"
PRINT
PRINT TRE: SO"URLLEY % RIODGE Z.8=-2.2"
PRIMT « FRIMT : PRINT
PRINT : PRINT
IF E1 = 1 50TJ 4945
PRINT "TO CONMTIMUE, PRESS SPACE BARY
POKE - 18Z2E3,8:EI = FEEK ¢ - 1634
IF EI < > 19 GOTO 4430
HOME
IHNPUT "D YOl HWANT THIS LIST IM HARD COPY (B=Nd, 1=YES T ";E1
IF E1 = 8 0TO 4955
L = CHRf (43 PRINT L$;"PR#1"
S0TD 4141
PRIMT L$;"FR#a"
El =@
RETURM
HOME
PRIMNT " EQUIVALENT SIMSLE AXLE 15-KIP LOROS"
PRINT TAB:C 11>"23 YEAR DESIGM LIFE"
FRINT * FEFPECEESEEEEEEFFEELEF LR R FEX LR E T ELY
FRINT
FRIMT " (CLRASS TYPE PUMT EQUTURLENT"
PRIMT TAE: Z2:"18-KIP LORD+"
FRIWMT " LIGHT PARK IMG, CITY"
PRIMT TRB: 11)>"STREET, RURAL 22e8a-420000
e e AR L RTAN -;_- e

@

c®
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5193 PRIMT TRBC 11 2"ROADS"
5118 PRINT
S111 PRINT " HMEDIUM SECONDARY 429923-3932323 "
S112 PRINT TRBC 11)"HIGHHAY"
=113 PRINT
- S114 PRINT " HERUY  INTERSTATE  Z902289-13339323"
, S11S  PRINT TAEBC 11 2"HIGHWAY"
5115 PRINT : PRIMT
5117  PRINT
5113 PRIMT TAB( S3"s BASED ON 533.7 13-KIP LOADS PER"
5113 PRINT TABC( 7)"18@8 TRUCKS"
5123 PRINT : PRINT :
. S125 IF F1 = | GOTO 5945
v 5139 PRIMT "¢(TO COWTIMUE., PRESS SPACE BAR»"
g %148 POKE - 18368,08:F1 = PEEK ¢ - 168384)
.. S1S9 IF FI < » 159 GOTO S14@
o S168 HOHE
[~ S173  IHPUT "DD ¥OU WANT THIS LIST IN HARD COPY (9=MD, 1=YE3)? ";Fl

51 IF F1 = 8 GOTO 3354
n 5133 L = CHR$ (45: PRINT L¥:"PR#L"
" Seme GOTO S1a1l
534S  PRINT L$;"PR#2"
- 53958 FL = @
| | 5355 RETURN
: £0a3  HIME
_ 5181 PRINT TRB( S)"SELECTED STRUCTURRL COEFFICIEMTS"
(- 5182 PRINT TAB( S)"%¥¥¥EXEEREEEEXXEXEEEEREELEEREREES"
b 5133 PRINT
tlid  PRINT " PRUEMEMT COMPONENT STR7L COEFF."
B £185  PRINMT TAB( 22)"FLAR GH HO SCv
o Elae  PRINT " SURFACE COURSE"
E187  PRINT " ASPHALT COMCRETE .2-.4 .44% .34 44"
” E183  PRINT
- B1E33 PRIMT " BRSE COURSE"
o £113 PRINT " ASPHALT COMCRETE .2-.2 .29 .23 34"
- 111 PRINT " SAMD-RSPHRALT - 12 .22 .a5"
: 65112 PRINT " SOIL-CEMENT 22 .28 W22 L2a
k113  PRINT " GRADED RSREGATE - .13 .14 15"
£114 PRINT " CEMENT STRBILIZED -~ 22 .22 34t
o £115  PRINT " SRACED FAGGREGRATE"
o E115  FRINT
B117 PRIMT " SUBBR:ZE"
8113 PRIWT " RADED AGGREBGATE - .14 - ="
5113 PRINWNT " TOPZ0OIL OR SAMD- - 18 - ="
B128 PRIMT " LAY
- 8122 PRINT TAB( 2"+ MAXIMUIM DEPTH OF 4.5 INM."
- EZ3R  PRIMT
19 B2EZ IF 31 = | GOTO 6345
E205  PRIMT "¢TO CONTINUE, PRESS SPACE BRRM"
- =219 POKE - 1R3E83,3:5] = PEEK ¢ - 183340
P 5215 IF GI < > 16o GO0TO 6214
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HOME

INFUT DO YU MWANT LIST IN HARD COPY <a=pND, 1=YES)I?;i51
IF 31 = g GOTO 53956
L$ = CHR$ (42 PRINT LE:"PR#1"

5070 s5191

PRINT L$;"PR#3"
51 =@

FRETURN
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. 5.6 Variable List (AASHTO 1) ,;;
EE H$ = Heading 7
N V4 = # of trials
a
' TL = Tolerance
SI = Soil support value
PT = Terminal serviceability index '
5; RI = Regional factor fi:
. WI = Equivalent 18-kip single axle loads ;E
& L = Layer # for calculation :'J’
2 Y = Layer # :;3
h A(Y) = Structural coefficient ?;
. D(Y) = Layer thickness ;,:.i
N = # of layers -
D(L) = Layer thickness ;:1
N Flow Control ';—.‘i
| BB = Calculate thickness of E-18's i;i
XX = Calculate thickness of E-18's gi
< YY = Calculate thickness of E-18's 5’%
S ZZ = Calculate thickness of E-18's .
Q1 = Table listing Fi
Cl = Table listing :,%
Dl = Table listing \j
o El = Table listing ~f&
i Fl = Table listing ?f%
Gl = Table listing 1
e
o
]
3

s »
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Counters
!I H = Run #
. I = Layer #
’ Miscellaneous
- X = Structural number + 1
AA = Intermediate equation values
AB = Intermediate equation values
5 NN = Rounded off structural number
1> SN = Structural number
h SC = Structural number (with N-1 layers)
:. A(l)-A(5) = Intermediate equation values
2 B(l1)-B(7) = Intermediate equation values




N PI Ve e TE TR ST R TS

180 2

- of

5.7 Program Verification R
9

RN R
1T r T rrere . <

* AAZSHTO = ol
TEESeeRETT N

]

DANA K. EODY, S7y8-S@-2373 -
A, IMSTITUTE OF TECHMOLOEY : "%
SCHOOL OF CIVIL ENMGIMEERIHG k
DEFARTHENT 0OF GEOQTECHNICAL EMSGINEERIMG -
-1

SYSTEM HARDWRRE: RPFLE II PLUS CBdk ﬁﬁ’!
SYSTEM HARDHARE: DOS 3.3, APFLESOFT EBASIC LAMGLIAGE e
PROGRAM DATE: JULY, 13383 T
. Tj.i

ARSHTO IS BRSED OH THE ARSHTO IMTERIM GUIDE FOR THE DESIGH OF FLESIELE FRALUEHEHT Q{q
STRUCTURES, 137Z. |
.

CPRESS THE SPACE Bw . 1D COMTINUED IW,E
GSER THFUT QUESTIONS RHD COMMANMDS WHICH ARE FOLLOMWED BY (=1 ARE SUPPLEMENTED EY -!j
LISTS AMD TRBLES. TO ACCESS THE LIST OR TRELE TYFE «&@» INSTERD OF THE RFFROFRIA -

TE WALUE OF THE UARIRBLE REDUESTED.

PROBLEM HERDIHG AM EXAMFLE PRIEBLEM :.;

TO CALCULATE THE THICKMESS OF A PARTICULAR LAYER, TYFE C1): TO CHALCULATE THE HAE
[MUM MUMBEFR OF EQUIVALEMT 13-KIFP LORODS, TYFE v20. 1

L
HOH MARHY TRIALS 00 YOU HANT TO RUM7T 1 :

HHAT 1S THE CALCULATION TOLERANCE (RECD: .9lo. .ol

!

i,
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S0IL SUPPORT UALUE (%5 =

‘.

SOIL SUFPORT UALUE

¢ ARSH] )

SOOIl OYHAMIC STRTIC
SUPPORT CER CER
LISUIJE

AASHD  HMODULUS
IPT. MR
F3I

o
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2 o-=—e Bl --— T2 - (4.5 -- MR

Voe=== 325 -—= 3 - 5.73 -- HMNH .
B -=—= 17 --= 19 - B.,73 -— 3390

2 om=m= 3 === 11 - 4.3 -= B4l

4 === 5 --=- £ - 2.5 -- 4480

3 === 3 -== 2.2 - 1,20 -- 3884

& -=—= 1.9 === 1.3 - 8.36 -- 2198

I ==== 83,5 === 3.3 - 3.25 -- HNA

CTO COMTIMUE LIST, PRESS SPRCE EBRRD
i AOIL SUPPORT UALUE
‘ CGA DOT »

TEEEEERERLE L EFEEEL
REGIOHN SOIL SUFPORT URLUE

FIEDMOMT 2.9-32,

-
DA

CORSTAL PLAIH

Py

.B=5.

o)

VALLEY % RIDGE

-

=5 A

[

T CONTIMUE, PREZS SFARCE ERR
Q00 YO HANT THIS LIST IM HARD COFY CA=NDd, 1=YESHT o
S0IL SUPPORT UALUE o+ = 2

- R N . LS
e e '.A_‘.k’.‘\:.'\-‘ I ST I W G W RO GV SPary ol o

ol
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” TERMINAL SERICEABILITY INDEX ¢%) = 9
- TERMINAL SERVICERABILITY INDEX, PT
_ ¢ ARSHTO )
:;:. BREEERXEEEREEREBEREEFEEXEREREEERER
v N
CLASSIFICATION PT
F
% PRIME ROUTES, MRJOR 2.5
: ARTERIALS ,EXPRESSHAYS
i~ PRIME SECONDARY ROUTES. 2.25
e IND. & COMM. STREETS .
X MINOR SECONDARY ROUTES. 2.8
- RESINENTIRL STREETS.,
PARK (NG LOTS
= FRILURE, DEFIMED BY 1.5
ARSHTO
l.j.

. TO CONTIMUE, PRESS SPACE BRR
l 00 YOU HWANT THIS LIST IN HARD COPY {@8=N0, 1=YES»Y @
ik TERMINAL SERICERBILITY IMDEX (% = 2.5

A REGIONAL FACTOR (#3 = @
!! RECOMMENDED REGIONAL FACTORS
) FOR GEORGIR
- ARER FACTOR
. CORSTAL PLAINS 1.4-1.7
o ~SAUANNAH 1.7
Ny PIEDMONT 1.5-1.8
v -ATLANTA 1.8
~MACAON 1.5

- -COLUMBUS 1.8
0 ~AUBUSTA 1.5
b,

UALLEY & RIDGE 2.8-2.2
v
@
l'.'
R
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.......
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TO CONTINUE. PRESS SPACE BAR
DO YOU WRANT THIS LIST IN HARD COPY (@=HN0O, 1=VYES)? 6

;ﬁ REGIONAL FACTOR (#)> = 1.5
!! ¥ OF EQUIVALENT SINGLE AXLE 18-KIP WHEEL LORDS %3 =9
.'-‘

EQUIVALENT SIMGLE R¥LE 18-KIF LORDS
£8 YERR DESIGM LIFE
FEXEREEEEFRELLEXRREEEXRX XXX FEXEXERE

. CLASS  TYPE PUMT EQUIVALENT
N, 18-KIP LOAD*
LIGHT  PARKING» CITY

- STREET, RURAL  22000-420000
. ROADS

&

- MEDIUM SECONDARY 420003-3000020
4 HIGHHAY

* HEAUY  INTERSTATE  30@00A0-10322099
i © HIGHMAY

. + GASED OM S29.7 13-KIP LOADS PER
= 1895 TRUCKS

n T COMTINUE. PRESS SPACE BAR)

e 00 YOU WANT THIS LIST IN HARD COPY ¢@=ND, 1=YES’? @

# OF EGUIVALEMT SIMGLE AXLE 18-KIP WHEEL LOADS ¢+) = 3569090

- TRIAL #1

- STRUCTURA. MUMBER =S.71
=

. SPECIFY % OF LAYERS (MAX—-18). 3

_\

| LAYER # FOR THICKMESS CALCULATION. 1

5
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R LAYER #. 1 -9
” STRUCTURAL COEFFICIENT (%) = 9
.
=
SELECTED STRUCTURAL COEFFICIENTS
y PRUEMENT COMPONENT STR-L COEFF.
] FLA GA WD SC
- SURFACE COURSE
~ ASPHALT CONCRETE .2-.4 .44% .44 .44 ]
2 BASE COURSE
o RSPHALT CONCRETE .2-.3 .38 .23 .34
- SAND-ASPHALT - .12 .23 .2%
_ 301L~CEMENT .22 .28 .23 .2@
~ GRADED AGGREGATE - .18 .14 .15
8 CEMENT STRABILIZED - .22 .23 .34
GRADED AGGREGATE
- SUBBASE
- SRADED AGGREGATE - .14 - -
) TOPSOIL OR SAND- - .18 - -
CLAY
!l % MAXIMUM DEPTH OF 4.5 IN.

N (TO CONTINUE, PRESS SPACE BRR>
X 00 YOU WANT LIST IN HARD COPY (9=ND, 1=YES)? @
- STRUCTURAL COEFFICIENT %) = .44

»

Lt FEELEETXEREEEZLRERER

. LAYER #. 2

_ STRUCTURAL COEFFICIENT (%) = .14
LAYER THICKNESS ¢ INCHES) = 12

W FEPEEFCELEREEEXERRES

R LAYER #. 3

.. STRUCTURAL COEFFICIENT (=) = .11

.
LAYER THICKHESS ¢ INCHES) = 13.5
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A
AN EXAMPLE PROBLEM
e
TRIAL #1
*REREEES
LAYER ' STR’L COEFF.  THICKNESS

1 .44 5.8 .

2 .14 12

3 .11 13.5
STRUCTURAL MUMBER =S.71999994
EQUIVALENT SINGLE RXLE 18-KIP LOAD =£504006
SOIL SUPPORT UALUE =3
TERHMINAL SERVICERBILITY INDEX =2.5
REBIOMAL FACTOR =1.5 ‘

00 YO HANT TOD RUN RANY MORE TRIALS {@=NJ, 1=YE3)? 1

FOR A LAYER THICKNESS CALCULATIOM, TYPE{1); FOR RAH 19-KIP LORDING CRLCULRTION, T
YPEL 2., 2

HOKE MANY TRIALS 00 YOU WANT TO RUN? 1

SOIL SUPPORT WALUE <33 = 3

TERMIMAL SERICERBILITY TMDEAR (%) = 2,5

RESIOMAL FRCTOR <%0 = 1.

n
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_________

“veie.0.u 0,
vares -*-"n'o’- .

TRIAL #1

"-'-f’.'n'l.“::’-z
.

SPECIFY # OF LAYERS (HAX-18) 3

EXFAELEELTEXFELRLEXERER

LAYER # =1
STRUCTURAL COEFFICIEMT (%) =.44
LAYER THICKNESS (INCHES) = 5.3

FEEEEELEELEEERZEEFXRESE

LAYER # =
STRUCTURAL COEFFICIENT C*) =,14
LAYER THICKMESS (IMCHES)» = 12

FLELXEXTREEEE L ELET RS

LAYER # =
STRUCTURAL COEFFICIENT (%> =.11

LAYER THICKNESS (IMCHES)» = 132.5
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- AN EXAMPLE PROBLEM
t: AR R AIAS ARSI A LTI
NS

- TRIAL #1
o EEXEEREE

. LAYER STR“L COEFF. THICKMESS
: : .44 5.8

.14 12

.11 13.5

O P

STRUCTURAL HUMBER =5.717

EGUIVALENT SINGLE AXLE 18-KIP LOADS =34213531

e Z0IL SUPPORT UALUE =3

TERMINAL SERVICERBILITY INDEX =2.3

i REGIONAL FRACTOR =1.5
00 YOU WANT TO RUM ANY MORE TRIALS (@=ND, 1=YES)? O
THANK YOU FOR USING ARSHTO
BYE-BYE

XA
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Soi SupPorT VALVE = 3 (s2)
TerminaL SERVICE A7Zre17Y WbEx = 2.5 (<)
FeEGroAL Facror = /.5 (R)

E-/85 = 8,500, soo ([/J‘;)

Ge i
/-ﬂath =49.3¢6 ﬁoj (SN-*)) -.2+ 094 -.‘-_f/‘z,; oY
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g~ 72y SN=5.0

. . _ﬁ? (4,2_215
9 - .7
2 Los (We) = 7.36 Loy (sr1) -2+ o
L GO

* Log 7"5: r.372 (2- 3.0) e

aeey
[

- .46
= /677 -2 * +(-405) + 0
. 500095 ot

E: = /5.295%5 | T
We = 4,177,296  (E-18%) s

3 TRy SN= 7.0

Y. (’4.2-2,5
Los () = 936 Log (T+1) = 2+ T2 E

A ey

+ Lo o 372 (3- 3.0)

— e

N S P N

. L s ' S
»

N AR
. A S
PNAAAAD!. YRR

= /9,464 -er t ‘405

4225 RN

= /7,766
= §1,971,997
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Try SN = 6.0

) - 46
Los (We) = 9.36 (6r1) -2 + RZzz el I
:4 ((47‘/)5"‘4

/8.2 -2 - /034 ".455
/o . 57

il

U= /15,732,371 (6-183)

. 7ry SN = 5.5

—. 46

-r .éoé(h/t> = 7.34 .[9 (5.53—15 - .72 & —oea - drs
o ’(5.5H>5‘\q

. |

v = /752 -2+ 7.992 -. 4905

L : = /5.922

= | We = 8,219,300 (E-182)

{ A
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SN (HAnD) = §.85

SN (CompuTER) = §.72

* Nore : DeviAToA) DUE TO SI  I1F) CANT FIGURE -

SN = &, () + @, (t.) *+ay (%)
£, = [SN- d.(es) -az (e ]/,
=lsss - a(2)- .1(13.5)]/ a4
= 542" (wann SN e

¢, = [s72- 402) - u(13.s) ] /.44
= 5,%]" (compuTER SM> v’

SECOMD VERIFICATION PERFOEWMED RY
PROGRAM . USING CALCULKRTED THICKNESS,
CALLULATE E-/184 .

INPUT vs . CALEUCATED

8,500,000 8,421,531\
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ll 5.8 Flexible Pavement Structure Design for Georgia

The following document details the requirements set
forth by the Georgia Department of Transportation to

divisional offices for the design of flexible pavements.
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- Flexible Pavement Structure Design for Georgia 194
S Office of Road and Airport Design
‘ Georgia Department of Transportation
W District Design Personnel Conference
N ,
- Februa'ry 23, 1983
‘: Table of Contents
‘ Page No.
- 1 Pavement Structure Design Comiiittee
D 1 Design Methods
:;: 2, 3 Procedure for Field Districts
- 4, 5 Instructions for AASHTO Interim Guides and Ultimate Strength
i ¢ Sample Forms
, 7 Lane Distribution Factors
{ 8 18k Single Axle tquivalent Lozd Factors
! 9 Regional Factors
- 10, 11 Nomographs
:Z‘_: P Structure Layer Coefficient of Felative Ltrergth
; 12, 14 Sample AASHTO Design Przhlem
3 15 Instructions for Ultimate Strength
16, 17 Ultimate Strength Design Charts \
= 12-20 Jltimate Strength Sample Design Problem -.:
. | o
—,
. N
. -
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Instructions for Using AASHTO Interim Guides for Pavement Structure Design
in Georgia - Blank form on page number 6

1. Project Number
1

2. County ’

3. Description: Describe the project giving length, termini, number of
lanes, new or existing location, widening and resurfacing, overlay,
or any other significant information.

4. Type of Adjoining Pavement: Metal surface, bitumirous surface treat-
ment, asphaltic concrete, or P.C. concrete.

5. Traffic Data: Derive the mean traffic in VPD for one uirection during
the design period. The design period for Interstate and Primary
projects is 20 years and for Secordary and other projects the
design period is 15 years.

6. Design Loading: Distribute the mean AALT for ore direction into the
highest design lane traffic with a division betweer trucks ard
other vehicles. Use a truck classification of multiple units and
single units if available. Use estimated lane distribution factors
if the project is a multi-lane facility (page 7 ).

Multiply the number of vehicles in each vehicle classification by
an appropriate 18 kip single axle equivalent Toad (18K S.ALE.L.)
factor (page 8 ). The load factors may be derive¢ as required for
specific cases; i.e., a road leading to a pulpvicod yard or a quarry.

Sum the daily 18K S.A.E.L. and multiply by the number of days in
the design period to derive the total design period loadirg.

7. Design Data: Set the design terminal serviceability (P¢) at 2.5 for
Class III or higher projects and 2.0 for Ciass IV or less projects.
The soil support value is furnished in the soil survey but if a
soil survey is not conducted the soil support vaiue may be estiinated
in conjunction with the district soils engineer and the soil labgra-
tory at Forest Park. The regional factor is alsc given in the 301l
survey but may be estimated from the attached chart if a soil survey
is not conducted.

8. Recommended Flexible Pavement Structure: ¢Etnter the respective monograph
for terminal serviceability of 2.0 or 2.5 with the so0il support
value, 18k single axle equivalent loads and the regional factor to
find the required weighted structural number of the pavement struc-
ture to be designed. This weighted structural number is ther matched
by a design structural humber which satisfies the equation SN = aj d; +
ag d2 + a3 d3 + ap dp where a = structure layer coefficient and d =
depth of each respective layer in inches. Ergineering judgnart and
knowledge of local materials must be uscd to set deptns ard tyges of
materials in the pavement structure; the 4dictrict construction engi-
neer, district materials engineer, or the state bituminous construc-
tion engineer should be consulted i7 required.
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. COMMITTEE ON ROADWAY PAVEMENT STRUCTURES T
ld.‘ i
PROCEDURE FOR ESTABLISHING PAVEMENT STRUCTURE DESIGNS :

’l FOR SECONDARY PROJECTS, AUTHORITY PROJECTS AMD COUNTY CONTRACT PROJECTS - o

]

Py I. Secondary Projects ' ' fffﬁ

. . o

The procedure for making, processing, and reviewing these designs shall *“5‘1

- )

b be as follows:
A. Projects Designed in District Offices

1. The Designs will generally be made for the District Engineer
by his Design personnel in cooperation with the Assistant Dis-
trict Engineer, Pre-Construction and the District Materials

Engineer.

2. The District Engineer shall transmit this design to the State
Road and Airport Design Engineer 1isting the thickness and

materials to be used in each layer of the pavement structure

down through the subgrade stabilizer aggregate or select ma-

BN
-4

e - ..I "\ .‘I .... ', -.- - .. . -
e SRR S
AT, RGN I

S
Q: terial, if these are required. The District Engineer shall
F! also include information as to the availability of local ma-
- terials used in the design, and the availability of alternate
ég materials. This submission shall be made as early as possible
_ in the plan development process.
b 3. The State Road and Airport Design Engineer shall check the design,
{E reconcile any differences of opinion with *ne District Ergireer
and the State Materials and Research Erngineer, and if the road-
‘gi way is Class I or II, he ;ha]] submit the design tu the Committ:ze.
. If lower than Class II, the design need not be submitted to the
(L Committee if concurred in by the Statz Poad and Airport Desisn .
" Engineer and the State Materiais and Research tngircer, ?
- e
i ~#
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4. After consideration by the Committee, the State Road and
Airport Design Engineer shall inform the District Engireer
. that either the design is approved or that the Committee .
desires specific changes in the design, and that the approved 4
'.:: or modified,design may be u§ed for the nroject plans. ‘
- 5. If the District Engineer wishes to question modificaticns
< made by the Committee, he may do so througr tre Statc Road
(-: and Airport Design Engineer.
B. Projects Designed in the General Office j
AL
| 1. Thess designs shall be prepared in accord with policies of .‘
BN
5 the Committee. n_.i
.. 2. If these roadways are Class [ or Class II, they shall be :
g submitted to the Committee in regular manner. "1
LT o
. 3. If the roadway is lower than Class 11, the cesign need not :;;‘
. be submitted to the Committee if concurred in by the State ’
\ Urban and Multi-Modal Design Engineer or the State Road and ‘
F Airport Design Engineer (whichever has responsibility for "'i
- the plans) and the State Materials and Research Engineer. :
s .
N II. Authority Projects %'
- A. When requested by the Director of Operation., the Comnitice will review -
and nake recommendations concerning Authority Projecrs. .'b‘:—::‘
:: [II. County Contract Frajects :!
“ A. When requested by the Director of Operaticons, Jhe Lommittee will resiow
;f;: and make recommendations concerning county coatract projeq \
o Approved by € ..&..
L ”*’
\ FETvinA
| »

............
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A

PAVEMENT STRUCTURE DESIGN COMMITTEE

- .
R

1 1. Consists of: .o
kt State Highway ?ngineer - Chairman ' éf:;
?% State Materials and Research Engineer - Secretary

- Director of Operations .

e Director of Pre-Construction

Eﬂ Director of Construction and

o State Construction Engineer

t? State Road and Airport Design Engineer

.

State Urban and Multi-Modal Design Engineer

State Maintenance Engineer

"

Project Review Engineer

E? FHWA Representative
; 2. Reviews: A1l projects over 1000 VPD (future traffic) ara any
. others requested.
R 3. Design Methods Approved:
g& (A) Flexible Pavement
’! (a) over 1000 VPD - AASHO I?terim Guide )
0 (b) wunder 1000 VPD - generaily use ultimate strengtn
o (B) Rigid Pavement AASHO Interim Guide
& (C) Overlay
= (1) Flexible over flexible
: (a) AASHO structural coefficients assigned
&; (2) Flexible over rigid

(a) AASHO structural ccefficients assigned
(b) Corps of Engineers
(c) Tlayered elastic theory

TR
LR A

(3) Rigid over flexible ~ AASHO Interim Guide

3

(4) Pigid over rigid

A rw <
RN
—

a) Corps of Engineers
(b} AASHO Intcrim Guide
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¢ The percent over-under design should be computed by dividing

the difference between the weighted structural number and the
total SN and dividing by the weighted structural number. The
percent over-under design should bte limited to about fifteen

percent.

Any additional pertinent information should be entered under
"remarks". The submissior of the form should follow T. D.
Moreland’s instructions of January 6. 1970.
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(Based on AASHO Interim Guide for the Design of Fiexidle Paviment Structures)

N
‘ PR
A ‘n‘t- a v
AT TR I b e s
e Loaa s -4

@'
13

? .'l .

N Project: County: -
- heyeription:

el

. )
?: Type of Adjoining Pavement: Beginning of Projett: }ET“
| ™A of Pro.crt: .4
~ Traffic Data: 24 Hr, Truck Percentage ) _.::',‘_..:'_j
- AADT Beginning of Desisn Period ven Year “ii
AADT Erd of Design Feriod VEL Yenr
t: Mean AADT (One Way) VED
A .
Design Loading: .
16¢ axle
Design Lane Traffic Zq. Load
Y =
x =
X -

' Total Daily Leading=
Total Design Period Loading =

Desipn Data: Serviceability (Pt)

(From Soil Survey) Soil Support Value (S) Regi~nal Factor (K)
ttecommended 1loexlble I'nvement Strueture:

Type of Material Thickness | Coefficient| SN
ﬁr.:
-~
{_s
-
I
| H
‘. i
L ] | S
v ~agy - PRI
Weinhted Structural Value (GN) (From Nemegraph) = Total OM =
Actual Design Life (Years) 5 i)
zreent CvereUnder CTesign ' e
lkemarks: T m—
“reoaread by: - e
’ Ld e -
tted By: ~ -4
Submyttiee By: . - - - - , a7
istrict vre-Conctruction Lngines Late :
"tereommendndd
State Road Oceipn Cnaiacer — O =k
Approved
~ - e — b
Chairman, Committer on =cadway Pavemnnt Stivicnuse e P
R Y MU N - ,'!
Commissioner oty

R S A _,.‘\. e
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Table 4. Lane Distribution Factors.

Design Lane
Distribution Fectors
- percert of One Way Trucks
FACILITY ir the Heaviest Lane
T —— - —
Trucks Other Vehicles
Four lane rural freeway 85-100 50-8C
Four lane urban freeway 60-80 50-60
Six lane rural freeway 7C 4C-50
Six lane urban freeway €0 40-50
Four lane rural highway-free access 70-100 5C-24
Four lane urban free access 60-80 5G-€0
Two lane highways and ramps 100 100
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) R
‘_\

E)

———
D
CERENN
e
PR

A




’

+ > -
l,l{l.l

P A
'y

w

)

s

% N L

re-
NN
.

RN

.
v

wgs L0

Lk
e’

_
DAY

5

18

Average 18k S.ALE.L.

202
Single Axle Equivalent Loads for Flexible Pavement

A1l Multiple Unit ?rucks 1.4
5 Axle M.U. Trucks Only 1.7
4 Axle M.U. Trucks Only 1.1
3 Axle M.U. Trucks Only 0.9
A11 Single Unit Trucks 0.4
3 Axle S.U. Trucks Only 0.9
2 Axle S.U. Trucks Only 0.2
Average 185 S.A.E.L.
Facility % M.U. Trucks % S.U. Trucks Flexible Pavement
100 0 1.4
Interstate .
Routes 90 10 1.2
80 20 1.2
Primary System 70 30 1.1
Heavy State Routes 60 40 L.0
50 50 0.9
Medium State 40 60 0.6
Routes 30 70 0.7
20 80 J.6
Light State Routes, 10 20 0.5
Secondary System, 0 100 3.4

City Streets

- 4. el N BTN e
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STATE

HIGH\'VAY DEPARTMENT

”rif( ’ '
IR :wo.“s

CUTLINE vaP
SHC# NG
CCUNTZS
REGIONAL, FACTS3S
rOR USE IN FLEXIBLE
PAVEMENT DESIGN

‘“ -
b ‘“""“\ For Estimating Purposes
T On]z

=T { o -~

A
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STRUCTURAL COEFFICIENTS FOR APPLICABLE DEPTH BELOW T
PAVEMENT DESIGN SURFACE, INCHES "
Coef. )
I. Surface Course’ Per Inch 0-43
Asphaltic Concrete Surfacing aﬁd Binder 0.44
II. Base Courses 41-12
Asphaltic Concrete 3.30
Graded Aggregate and Crushed Limestore
(Compacted to modified density) 3.18
Graded Aggregate and Crushed Limestcre
(Compacted to standard density) 0.14
Topsoil or Sand Clay Bases 0.10
Topsoil or Sand Clay (stabilized with
(150 1bs./sq. yd. x 6" stabilizer
aggregate) C.12
Cement Stabilized Graded Aggregate 0.2¢
Soil-Cement 0.20
Sand Bituminous 0.1z
[1I. Subbase Courses Below 12
Graded Aggregate or Crushed Limestone 0.14
Topsoil or Sand Clay 0.10
Sandy Gravel (Float material which
fails graded aggregate) 0.11
Crushed Aggregate Subbase a.10
IV. Subgrade Courses
Class I Soil 0.0%
Class II Soil 0.02
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FLEKIBLE PAVEMEUT DEGIGN AWALYS1d

(Based on AASHO Interim Guide for the Design of Flexible Pavement Structures)

Project:

207

County:

Description: Two lane, from

AAANS

A e

to new locaticon, lena*h=€ 0 nilesg.

}

13
Type of Adjoining Pavement: Beginning of Project:

asphaltic concrete

End of Project: asphaltic corzrete
Traffic Data: 24 Hr, Truck Percentage 0™
AADT Beginning of Design Period Lon VP 1376 Yonr
AADT End of Design Period Q00 zha) 1240 Year
Meen AADT (One Way) (400+900) x > x = = 325 VD
Design Loading: ‘ K
13% Axle .
Design Lane Traffic Ea, Load _;
325 VPD x 10% Trucks x 100% Lane Dist,=33 Trycts x g L = |2 L]
325 VPD x_90% Other veh. x 100% L.D, = 293 o,v. x 0 ooz " , - @4
X =
Total ‘»ily LoadingZ 15
Total Design Period Loading = 14 x 365 x 15 years = 76657
Design Data: Serviceability (Pt) 2.0 “j![
(From Soil Survey) Soil Support Value (S) 1.0 Recisnal Factor () 1 2 By
Recormended Flexible Favement Structure:
Type of Material | Thivrnens | Coeffiefenti SN T
S . e e
fsphaltic Concrete E . o L "» __i__lQ; L __Ij_66 _ S
Asphaltic Concrete A or 8 =~ o S _L 0. 4a 10_88 t‘{
| i
Graced Aggregate e ., 5 B '1_ oL 51.08 -@
| ; | .
- - ¢ poe - 7_.¢%——~-n— ftf
—— S B
; | | .
IR S o '@
Weighted Structural Value (SN) (From Nomegre~h) = 7.8 Total h 2 4 (9
Actual Design Life (Years) 11 Percer (gar-Under Sonim 218 = 6 Bl
Remarks: SE o
Frepared 3By -,
T — T nte
Recommended
State Road esigr fneinaas T - R
Approved
ThAArmen, Commithee an ohadway Onvoment Lo oo nT
Approved

——————
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Instructions For Using Ultimate Strength Pavement Structure Design In Georgia - ;1
, . . . of

Personnel other than those assigned to the Materials and Testing Laboratory _

are not authorized to design pavement structures using ultimate strength methods. -
Ultimate strength is used when a thinner pavement section is obtained than T
using the AASHTO Intdrim Guides. This normaily occurs at below 1000 VPD with
10% trucks.

»

The method is based on using a design criteria of preventing shear failure
by limiting the imposed vertical straess on the subgrade to 1 cafe limit below
the bearing capacity of the subgrade.

The steps in design area as follows:

1) Determine total loading.

2) Obtain bearing capacity from the soils lzboratory.

3) Determine the safety factor from page .70)

4) Compute the safe bearing capacity = bearina ca
safety factor

5) Find total pavement thickness from page 20

-1

6) Use engineering judgment and experience tn set surface
courses,
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Ultimate Strength Sample Problem

b 1. Total Loading - Assume same as page 13
- Total Loading = 76,650 18K S A E.L. ‘
. ‘

l 2. From soil survey - bearing capacity of subgrade soil = 31 psi

(P 3. Set design terminal serviceability = 2.0
- L. From page 19 - safety factor = 1.6
L 5. Allowable subgrade bearing capacity
f. = bearing capacity of subgrade soil + safety factor = 31 psi = !.6 =
v
) 6. From page 20 - a) depth required for stabilized base = 7% inches
h use minimum design
1% asphaltic concrete E
e
o 2'' asphaltic concrete A or 8
'- 6'' cement stabilized base
b) depth required for non-stebilized base = 13} inches
N use 13 asphaltic concrete E
2'' asphaltic concrete A or §
“ 10" graded aggreaate
s c) cement treated basc with thin surfacing srceptscle
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o CHAPTER VI

E SUMMARY AND CONCLUSIONS

- 6.1 Scope

< 6.1.1 General

ﬁ: This report presents four programs designed to solve

specific engineering problems. The report organization

ii is based on the theme of a service that would be provided
an engineering client acquiring engineering software. Each

o program is supported with background theory, programming

" rationale, and a user's guide; additionally, a program list,
example problems, and hand verified solutions have been

e included.

The programs include the solution of the embedded post

g! subject to lateral loads above grade (SIGNPOST 1), the solution
’ of the cantilevered sheet pile wall (CANTWALL 1), the limit

;: equilibrium analysis of slope stability by the Bishop method

Cf (BISHOP 1), and the design of flexible pavement based on

v the AASHTO Interim Guide, 1972 (AASHTO 1).

j: 6.1.2 Hardware

o zardware

Programming was performed on an Apple II-Plus personal

s
s
PR )

computer with 64K storage. The programming language was

e Applesoft Basic operating on DOS 3.3. The programs were

v
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stored on 5%" disks. Peripheral equipment included two
disk drives, a green screen monitor, and a thermal printer.

6.2 Personal Computers in Zngineering Practice

Personal computers (PC) have become quite economical
and extremely popular in the last five years. Businesses
of all types rely upon PC's for processing routine data,
storage and retrieval, word processing, cost accounting,
and repetitive problem solving.

When General Electric introduced the first main frame
computer (MACH I) in the early 1950's, computation speed
was approximately three calculations per second. MACH I
required 1500 ft2 of floor space, a considerable air condi-
tioning system, and constant maintenance replacing vacuum
tubes. Today's PC requires six square feet of desk space,
standard environmental controls, and a minimal maintenance
program. Computation speeds range up to hundreds of calcu-
lations per second. Although technological advances have
drastically increased the speed of main frame computing

facilities, the size remains a physical constraint. Many

businesses rely upon hard wire connections through telephone

lines to utilize main frame computers. Costs include installa-

tion and maintenance fees as well as charges assessed on
compilation and computing time.
A construction cost estimating service provided by

McGraw-Hill Information Systems charges $300 to compile




l"“
M N

-
Iy

a "quantity take off" for an average 20,000 ft2, one floor
office building. The cost of "time sharing" main frame
computing facilities can be large and subsequently prohibi-
tive for small businesses.

The principal advantage of the PC over main frame time
sharing is its easy access and low relative cost. For account-
ing purposes, the purchase of a PC and software represent
a one-time fixed cost. With exception of maintenance costs,
the value of a PC is amortized through depreciation.

The absence of variable costs directly influence the
cost of a service; consequently, bid prices or negotiated
costs can be lower. Lower service costs directly influence
the volume of services provided. Firms which utilize personal
computers can maintain a sharp competitive edge.

As a result of increased personal computer use, the
demand for software has become enormous. In response to
this demand, hundreds of small software service companies
have been formed. This is particularly evidenced by the
advertisements in trade magazines and professional publica-
tions for software services. At this time, the demand appears
to be almost limitless.

Many firms have been disappointed with the services
provided when purchasing software packages. Although the
actual programs are delivered as promised, the supporting

documentation has left the user deserted and basically help-

less. It is with this in mind that the author chose the
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organization and theme of this report. The bulk of this 'j;}
text is devoted to educating the user about the programs f;i
use and limitations. Eg?
6.3 Program Applications -L;
This section presents some classic applications for o
which the programs are best suited. Iteration of the back-

ground theory is avoided as each program is supported within —

its respective chapter. Typical applications of each Program ;%Q

are as follows: }jf

6.3.1 SIGNPOST 1 R

i
a) Highway signs and markers subjected to wind loads ;ﬁi
b) Pole-type buildings which resist wind loads through %ﬁi
embedded post columns fif
¢) Commercial signs and billboards subjected to wind ﬁﬁ;
gi loads ;éﬁi
; d) Utility poles (power and telephone) subjected to «iia
!, cable loads, guy wire loads, and wind loads ?;f
. 6.3.2 CANTWALL 1 S
}E a) Shallow excavation (<15'-20') when surface deflec- ?&i
= tions are tolerable ?ii
~ b) Marine applications  ¥¥
= 6.3.3 BISHOP 1 iR

L e
a) Earth dams Sl
i{ b) Highway cuts and fills ;i;:
> c) Slopes near or under structures lE;E
‘! d) Any slope whose failure can be approximated by a -‘.
iﬁ: circular failure ;~:
v -
. .
e L T T s e e e e T e LA
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6.3.4 AASHTO 1
a) Flexible pavement design
b) Analysis of existing pavement
¢) Economic feasibility study

6.4 Recommendations for Future Work

The ultimate goal is to produce a program capable of
solving a problem given an endless spectrum of varying condi-
tions and parameters. Additionally, a program should be
foolproof. Experience proves these goals serve as sound
guidance but are impossible to totally achieve. Man-hour
and computer memory constraints force programming efforts
to be concentrated around specific tasks with definable
end goals.

As with any program, the programs presented in this
report can be improved. The limitations listed in each
chapter can best serve as a basis for improvement.

6.4.1 SIGNPOST 1

The amelioration of this program might include a routine
to compare the post diameter to the foundation volume (as
a function of the required depth). The volume of a wood
pole or of concrete is directly related to cost. The user
could make an economic judgment as to the best diameter

and depth of a foundation.

. L »
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7 6.4.2 CANTWALL 1 -
i 8 e o
i This program can be enhanced by providing the ability -
-I'_i

v
s,

to specify a surcharge above the upper soil. Soil layering

-".I

at the option of the user would be desirable. A major improve- ;%
. r? ment would be a routine to calculate the bending moment SQ
E in the wall considering moment distribution. This could 2?
’ ;; be complemented with a section modulus selection. i;
\
S 6.4.3 BISHOP 1 -]
f N Enrichment of BISHOP 1 could include a search routine :Q

in which the minimum factor of safety is calculated without
user intervention. Another improvement would increase the
- ;: maximum number of points, lines, and soil types the user
can specify. »
n 6.4.4 AASHTO 1

AASHTO 1 could be ameliorated by providing two types

. of economic analysis. The first anlysis would contrast
- : . :

IR the use of alternate construction materials on a unit cost

oo

- basis such as dollars per square yard of pavement. The

- second option would provide a life cycle cost analysis.
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